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THE END OF THE WORLD 

Not long ago a writer, endowed with lively 
laifination, gravely professed the opinion that 
e earth as a unit is a living organism. He may 
■ right, for the reason that it is really more 
lifficult than we imagine to draw the line he- 
ween life and death. To be sure we know that 
stone is dead and that we live. But on what 

10 we hase this distinction? The usual reply is, 
voluntary movement, on sensation, on con- 

liousness. However, the greater part of the hu- 
an body consists of bones ; these cannot of them- 
Ives move voluntarily, and they have neither 
ensation nor consciousness. The bony frame- 
(rork of the earth is the globe itself. Upon 
he surface of this globe are various life-forms 

11 of which have developed from isolated single 
:Us. In the course of time, especially since 
le appearance of man, these are uniting more 

id more as coherent parts of an organic whole. 
> a matter of fact the single cell is quite simi- 
rly the starting-point of all life-forms. Grad- 
HUy the functions of originally uniform cells 
fgin to differentiate. Thus a cell-colony arises 



much as men form colonies. And as in these 

colonies the liberty of the individual is not for^ 
feited but only partially restricted through hia 
obligations to the community, so likewise eveTy 
cell of the human body retains some degree of 
freedom ; indeed millions of them, for exampla 
the blood corpuscles, seem wholly free except 
for being driven by the common force o£ tiifl 
circulation. They throng hither and thither i 
the veins as do men in the crowded streets of i 
city, and here and there one lodges itself whera 
it can contribute to the upbuilding of the whole. 
In brief such analogies could be multiplied a thou; 
sandfold. 

However they are in truth nothing more t 
clever comparisons. According to the etema 
changeless laws of nature, dead as well as living 
matter is bound to continue always to unite or- 
ganically. Nothing harmful can persist for any 
length of time since by virtue of its harmfulness 
it must destroy the organism in which it appears 
and therewith also itself, Therefore the useful 
must dfevelop ever higher, must gain ever more 
domain and power, because it is the more last- ' 
ing. In this respect then there is no distinction, 
between living and dead forms. Everywhere, iii_ 
the stellar systems as well as in the minutest ' 
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I inolecuJes that can be formed of chemical atoms, 
ft^nd again in the cellular tissues which upbuild 
^Uiving bodies, there rages an endless struggle for 
Kthe survival of the fittest; and everywhere the 
I less fit yields place to the better. For this reason 
I we find in all phases of existence the universal 
I phenomena of birth, growth, maturity and also of 
I decay and death. Stars and celestial systems 
I rise and set. 

Our planet too. Though the earth-life joyous 

and care- free has developed in upward course 

, since millions of years ago, the decline is bound 

to come. 
' But how can that come to pass? We make our 

piars for years in advance, statesmen for de- 
cades and centuries. Nature round about us, tlie 
resu'.t of uninterrupted development for millions 
of years, has vitality for further millions and 
milliofis of years. Who could believe that there 
shouk ever be an end ? Wherefore this evident 
5trugg"e for ceaseless progress which inspires 
even iranimate nature, if all is destined to end 
some diy ? Wherefore are we all doomed to die ? 
We camot do better than reply with Mephisto: 
e everything which exists is worth being 
fcstroyed. 
f Everyfhing is worth being destroyed. In other 
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words, nothing is good enough to live forever. 
Ours is not a perfect world, and therefore the 
oM must die in order that the young, that which 
is more perfect or at any rate capable of greater 
perfection, may live. Thus death becomes i 
thing necessary and useful in tlie evolution d 
the whole: the destruction of one celestial body 
contributes to the progress of the rest of the 
universe. 

Cut how can this be? Are there then, in spite 
of the millions of miles that intervene betvreen 
the nearest heavenly bodies, inter-relationships 
that affect something besides their movements or, 
at any rate, their illumination? Would the de- 
velopment of the solar system be changed in any 
way, if the earth together with everj-thing upon 
it were to be so crushed as to be reduced to a 
mere formless cloud of dust revolving in its orbit 
around the sun? 

Such questions clearly cannot be despatched 
with a word or two of reply. And to the major- 
ity, perhaps, these inquiries will seem frivolous, 
fr)r why should we be concerned about the rest 
of the solar system or indeed about the rest of 
tlic universe, if our planet is doomed to perish ? 
Is a dying man concerned to know what will be- 
come of the world after his death? 

8 
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However, our earth is evidently not as yet in 
e throes o£ death, but on the contrary in the 
loom of earhest youth ; and accordingly it is 
mt natural that we should feel interested in con- 
idering its future destiny just as we, as indj- 
'iduals, occasionally wonder how long a life lies 
efore us, and how the end will come. In mo- 
lents consecrated to such grave reflection, we 
ear in the infinite silence the flapping of the 
ing of Eternity, of which the hours that whirr 
ist are but a vanishing fraction. 
The world ; what then do we mean by "the 
iSrld," the future destiny of which is the theme 
e propose to consider ? The term, "the world," 
I its widest significance embraces all that exists, 
le universe in its entirety. Now that can never 
id. Wliatever is in the world can merely change 
s form. Only a part of the All can be destroyed. 
nd itfhat do we mean by "being destroyed?" 
'or not even this part of the All can be anni- 
Qated. It can cease to be what it has been and 
ecorne something different. To say that it is 
Estroyed, means that the order which hitherto 
revailed in it has stopped; that the material 
'hich fonnerly upbuilt its structure has decom- 
osed into the original elements. Both construc- 
sn and destruction are the work of natural 
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forces which are eternal and changeless 
their nature and in their operation. How 
could it be possible that these forces, after 
working for millions and millions of year? 
at the upbuilding of a planet, should reverse 
course and become agents of destruc- 
tion, notwithstanding the fact that they them- 
selves, as well as the material wherewith they 
built, remain absolutely unchanged. Again we 
reach the same conclusion : namely, that there is 
such thing as actual destruction even in the 
sense of a. gradual decay of an organization in 
a given part of the universe, provided the decaji 
is thought of as general and the destroying fore* 
not balanced by an upbuilding one. Natural 
forces, as they follow the course which they have! 
pursued from all eternity, can destroy only here 
and there an organization that stands as a hin- 
drance in their way. Nature tears down in order 
to rear a nobler structure. If it were otherwise, 
if things did not tend on the whole toward system 
and order, then long ago in former ages, tha 
natural forces, in themselves unchangeable, would, 
since they have been at work developing the 
universe, have destroyed all order as we know 
a different order would now prevail, which 
again would have to be in harmony with these 

10 
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natural forces. To repeat; Nature cannot an- 
nihilate what has once been upbuilt, at least not 
in its entirety; Nature permits decay in order to 
upbuild in grander style. 

In that we must die, wc all have to sacrifice 
our Hves to the. general advancement. We must 
take tliis truth more to heart so that the terrors 
of that unavoidable passing away may be les- 
sened. Accordingly in order to learn more about 
the function of death in the evolution of the 
Lworld, it is proposed to consider this phenomenon 
^■ki 3 larger scale in its aspect of cosmic decom- 
H|iosition. 

^K It has been shown above that an end of the 
world is impossible ; and likewise that the de- 
struction of the organization of the entire uni- 
verse is impossible. We have seen further that 
at a given time decomposition can take place in 
a part only of the universe. Now we have set 
ourselves the task of studying the process of 
cosmic decay. And since we must confine our 
discussion to some part of the world, we will 
loose our earth because we know it best and 
we feel something of a personal interest 
its destiny. But in doing so we must bear 
mind that the earth is in truth only a subordi- 
Lte part and that its fate caimot but be unintel- 

11 
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ligible without reference to the larger whole 

Moreover in considering the destruction of t 
earth, now that we have assumed for ourselve 
the central position of interest, we shall take ac 
count only of those catastrophes which involv 
■the. destruction of the human race. Whenever a 
tinusuallj' vehement stonn rages and shakes oia 
habitations to their foundation as if determine 
to wipe from the face of the earth all the work 
of man, we are wont to say that the end of t 
world has come. And yet compared with 11 
tprodigous might of the cosmic forces whic 
control the earth and which therefore, under c 
tain conditions, may work for its downfall, th 
most destructive of tempests seems snail-pacei 
One must consider that in tlie case of the i 
violent storms, the wind travels only about I3 
feet a second, whereas a point of the earth's s 
' face at the equator, in its daily revolution aroun 
the earth's axis, travels at the rate of 1522 iet 
and the earth itself, as it moves in 
around the sun, covers 19 miles a second. If th 
earth should suddenly come to a stand-still fo 
but one second, everything upon it would instan 
taneoiisiy fall in ruins. 

We all know of tremendous hurricanes whid 
have caused the destruction of whole regions an 

12 
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hrilled humanity with horror? We know how 
pn the 8th of May, 1901, an insignificant and 
(eemingly harmless volcano swallowed up in less 
han one minute 50,000 human heings. That 
s a veritable end of the world for the unfor- 
unate city of St. Pierre on Martinique Island. 
Jjothing survived ; not a single blade of grass was 
pared. All that man and nature had fashioned 
a centuries, the myriads of marvelous organisms 
Iphich contributed to the symmetrical upbuilding 
»f the whole — all this was in one instant reduced 
) chaos. Deeply moved by such manifestations 
f nature's power, we stand in die presence of 
hese catastrophes which but too frequently mar 
Ihe pages of history. Scarcely 18 years before 
destruction of St. Pierre, in 1883, again 
Ihrough the eruption of a small volcano — the 
iCrakatoa in Sunda Strait — ^40,000 human beings 
t their lives. Even more than the eruption of 
. Pelee, this fearful visitation must have had 
ior its victims the semblance of an end of the 
Iforld. The volcano itself was situated on a 
mall uninhabited island on which it could have 
3 harm. The catastrophe is distinguished 
Jrom that which took place on Martinique 
£land, throug'h the remoteness of its effects. 
luritig the eruption, the volcano was cut in two 
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from the very top, thus peniiitting sea water to 
flow into the' glowing crater. The consequent 
explosions were heard over a region larger than 
the whole of Europe, (The map on page 56 
shows the area referred to.) The air wave whidi 
was produced by these explosions traveled six 
times around the circumference of the earth and 
caused considerable barometric variations. 
Through the development of gases, the sea water 
had been forced back out of the crater. In con- 
sequence a tidal wave was set in motion whicfcj. 
likewise encircled the earth several times. It. 
overflowed the coasts of the neighboring islands, 
swept away whole villages and drowned about 
40,000 human beings. A sudden, wholly unex- 
pected flood, it was far more terrible than the 
biblical deluge, the gradual approach of which 
could be observed. Half the island was reduced 
to dust and carried far away into the upper air- 
currents. For several days, Java and other parts 
of Sunda Archipelago were shrouded in total 
darkness. There were fearful storms. Hot 
rains fell mingled with disgusting mire and 
ashes. Is it possible that anyone who lived 
through those catastrophic days, did not think, as 
he heard the cannonading of those tremendous i 
explosions, that the whole earth was being blown 
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^milatioiis, and, for those concerned, what took 
^fce was a veritable end of tlie world. The 
^Khs of nearly all peoples tell of deluges which 
Hipt away everything. Doubtless there is some 
^fcorical foundation for these myths. They all 
Hcribe the elements as in a state of fearful up- 
^tr. Is there anything to prevent the recurrence 
H'such phenomena, perhaps even on a larger 
^ne, so that thereby all order on earth would be 
^BVerted into chaos? 

^naturally no definite answer can be given to 
Bcb questions. Everj-thing in the future is veiled 
from our sight. None but astronomers are so 
Fortunate as to be able to compute natural phe- 
for long periods in advance, with the 
ilute certainty that they will occur under any 
imstances whatsoever, provided — the world 
not end before the time appointed. All our 
irvations and calculations which make any 
:nse to finality are vahd only if things run 
natural course. But we know only too well 
tfiat in the actual processes of nature, abnormal 
and unexpected happenings intervene and set at 
[laught al! our calculations. And so the question 
l>efore us is really a twofold one: In the first 
place, have we any knowledge of how. in the 
lUrse of things, destruction could come 
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upon the human race, or upon all the life tha 
the earth sustains, or finally upon the g-lobe itself 
Then secondly, what probabiUty is there of ar 
abnormal occurrence which could bring- about the 
same results? 

The latter question suggests a thousand possi- 
bilities to the imagination. Would anyone pre- 
sume to declare it impossible tliat a hurricane 
sliould sweep even to-morrow over the earth and 
Wry us under the ruins of our fragile habita- 
tions: or that the surface of the earth should be 
rent byearthquakes — the most dreaded of al! man- 
ifestations of the destructive forces of nature, 
from which there is no escape ; or that a gigantic 
rock should crash down from the sky and put 
into such terrible turmoil the atmosphere and t^ 
ocean that -no living filing could withstand iht 
vehemence ? Further who knows but what tl; 
are unusually hot or cold regions in space throi 
which our earth along with the entire solar aj 
tern might he carried, so that in such extremes 
temperature, life would likewise be destroy? 
There are thousands of such possibilities just 
there are thousands of possibilities that, throu| 
some chance which it is utterly impossible to foi 
See, our own life may be cut off in the next s( 
ond. The world of heavenly bodies too is c 

U 
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erfect; it too is not entirely protected from the 
ital caprices of chance. 
It would be absurd though on this account to 
! constantly frightened to death or, worse still, 
> be expecting every moment the destruction of 
he earth. We as individuals count on the proba- 
ility of a life of definite normal length. If we 
0uld not do so, no insurance company could 
Probability, like everything else in the 
rorld, is subject to fixed laws. In the multipHci- 
<f of occurrences, the haphazard becomes a negli- 
ible quantity and the stability of the force that 
ontr(ds them, becomes manifest. Probably every- 
ine at some time has observed the meter in an 
Blectric power house, and has noticed how the in- 
Ucator oscillates to and fro when the machinery 

Kin operation because the current is broken 
mewhere or made to flow. It may seem natu- 
[ to infer that the larger the plant the more 
estlessly the indicator on tlie meter-dial will 
Bcillate. Exactly the opposite, however, proves ' 
) be true. In the central station of the Berlin 
street-car lines, the indicator moves 
arcely at all or but very slowly since it registers 
nly the average daily fluctuations of the cur- 
All tlie busy commotion of the gigantic 
;stem is here equalized. And what we have 
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found to be true of the electric current, holds a 
in the case of the stream of humanity and agaii 
the case of the ocean-tides of cosmic phe- 
li in one place an operalion is cut off 
the loss there is balanced by a gain in anodiei 
place where a similar operation is begun. Every 
thing tends to a common level. 

In this sense then we can calculate upon a s 
entiiic basi§ the chances for or against the occur 
rence of destructive catastrophes, much as wi 
compute Che average extent of damage which wil 
accrue from hail. And the same can be done witl 
reference to the question of a partial destructioi 
of the earth. 

Unfortunately accurate numerical records o] 
natural phenomena have been made for onljj 
about a century. To illustrate: if we had definite 
data as to how much longer a period must be 
taken each time within which a certain phencwne- 
of the weather — a storm, tempest or flood 
for instance — has occurred increased in area bj 
a given amount, we could calculate how manj 
thousands of years would be required for a dei 
uge to take place large enough to cover Europe 
If then so many years had in fact elapsed sino 
the last one, we should be justified in sayinfi 
that anorfier deluge of the proportions referral 

16 
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m, was due. Whether it would actually appear 
I quite another matter. I have alluded to this 
fceliiod of calculation because in many cases 
vhere the laws governing the phenomena are 
} yet unknown, it has been employedi with ex- 
Sellent results. Such is notably the case even in 
pe domain of the most exact of sciences — astron- 
my. 

Yet, although we lack accurate scientific rec- 

»rdis reaching far enough back into the past, at 

least mankind has preserved in memory those 

mes when the human family was visited with 

nusually severe destruction. However, the tra- 

Sitions of catastrophes that involved the whole 

porld as then known, all date back to the re- 

lotest antiquity when but a small part of the 

tarth's surface was known to man. We 'have no 

way of telling how many thousands of years ago 

the biblical deluge occurred and what in reality 

was the extent of its devastations. In the case 

of similar myths of other peoples, we are equally 

, in the dark. But since we can trace back the 

^Uiistory of many civilized peoples of ancient 

^^Bines — for example the history of the Chinese, 

^Bf the Egyptians and of the Babylonians— for at 

^ffeast five thousand years; and since within this 

space of time, there is no evidence of any catas- 
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trophe far-reaching enoug^i to be called a di 
struction of the earth as defined above : we may 
confidently assume that for periods of time long 
enough for whole races to develop and again to 
be obliterated, the natural forces which control 
the world will probably not permit any such 
catastrophes as will threaten the existence of the 
earth. 

Accordingly the tremendous effects w^ich are 
for the present under discussion are perh^s 
yond the power of the forces of nature in 
far as they operate under terrestrial conditioi 
that is, in so far as no cosmic influences inter-' 
vcne. At any rate now that we have given more 
attention to the consideration of these natural 
forces, we may presume to attempt a solution of 
the problem. 

Storms often sweep over half the earth. We 
, can trace their path from continent to continent,^ 
Warnings of coming storms, sent over the tran^ 
Atlantic cable, seldom prove misleading. MigtiH 
not such a storm sometime lay waste all Europe? 
In order to answer this question, we must first 
consider how storms arise. 

For obvious reasons, I cannot stop here to give 
an extended lecture on meteorology. Probably 
every one knows that the movements of the at- 

18 
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mosphere serve to equalize the distribution of 
heat upon the earth's surface. Except for cer- 
tain small fluctuations, to which I shall refer 
later on, the sun sends us always the same 
amount of heat; but because of the irregularity 
of the earth's surface, the different parts receive 
varying quantities of it. The position of the 
earth's axis, relative to its orbit around the sun, 
causes the difference of zones. If the earth's sur- 
face were entirely level and if there were not an 
unequally distributed body of water upon it, this 
difference of zones would cause a steady circula- 
tion of the atmosphere between the equator and 
the poles. This we find actually to be the case, 
tliongh only in a rough and general way. More- 
over, the revolution of the earth around its axis 
causes the air to lag behind, thus producing 
steady east winds at the equator. All these con- 
ditions would remain constant but for certain 
peculiar influences that disturb the regularity of 
these movements. Therefore if we have any 
ground at all for apprehension, it must be on 
^account of these influences. As has been indi- 
[flted above, they are due to the configuration 
[ the earth's surface. If that were fixedJ and 
^changeable, the effects produced by it would 
Icewise be so. Thus a stable equilibrium would 
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omc tiaK ^oot its position of ics 

iMMi deflected ant of tbeir wontB 

t tas^ re st ored to rest. And I 

s nmfarcii^ each odier ta<M 

as bttlancine each other. ^^ 

t stonns are at times the ootcomc:. Bat it ' 

r that, considering the stafai£t>- of the c 

I (actors, tbetr naj omuin txbcroesce must have 

, definite liimL This limh nmst have been r 

t at some time durii^ die iong' period, i 

1 far back into prehistoric ages, which, for [ 

I pnrposes at least, lies i:q)en to otir view. SiiK 

[ the earth was not thereby dcstnDved. we have i 

reason to be apprehensiTC in regard to stormy 1 

least in so far as they are caused by the : 

heat and by terrestrial conditions. Forthel 

more the j^enomena that sometimes 

stonns — as thunder and lightning, cloudburst 

hai! and floods — for the same reason cannot c 

cced a definite maximum of vehemence. A 

these effects may be compared to the eddies < 

the edge of a calm unruffled stream. 

But w+iat of those terrible outbreaks from.tl 

earth's interior known as earthquakes and vet 

C eruptions, wliich in late years have so oft 
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I up and that it was whirling in fragments into 
■ space? 

These phenomena in Sunda Strait attracted 
[the attention of the entire civilized world. For 
l-tnany years, its after-effects remained visible 
I nearly everywhere. A large part of the very 
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inest volcanic dust was kept suspended for years 

1 the upper air-currents. Peculiar refractions 

'■Bit light were thereby produced which caused the 

:autiful phenomenon known as "red glows" or 

'''volcanic afterglows," as ■well as those brilliant 

irises and sunsets which were also observed 

igh io a f ar less degree after the eruption on 
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vhere in that subterranean furnace, there rages 1 
; heat which would transform solid rock into j 
luming white liquid or into luminous clouds such 
s at present constitute the sun's atmosphere. It 
an be scientifically demonstrated that the pow- 
rful pressure exerted by the rock-strata would 
ilone suffice to make the earth not only liquid but 
sven gaseous except for a relatively thin crust. 
The earth, therefore, must be viewed as an essen- 
aally gaseous globe, hardly more than a soap- 
bubble, surrounded like it by a liquid coat over 
which, in comparatively recent ages, the outer .' 

Tist has been formed. In the light of scientific 
Jieory, no other hypothesis is tenable. 

Ail bubbles burst. Cannot this happen even 
to-morrow quite sudderdy and unexpectedly in 
ihe case of our planet to which we entrust our 
) unconcernedly? With regard to an ex- 
plosion resulting through pressure from wfthin, 
we have little ground for apprehension. The 
Eact that this solid crust could be formed at all 
I the cooling process which extended over so 
many millions of years is sufficient surety that it 
Brill not be destroyed by the continued opera- 
jon of these same forces. Who builds slowly, 
uilds securely and permanently. Tliis is a uni- ' 
I truth, by no means limited in application 
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to human effort. Had there been forces at woil 
in the face of which the cms t could not eStt 
ively maintain itself, they would simply not h 
permitted it to form. It is, however, conceiv) 
that, ever since the lime when the crust closej 
around, inner tensions should have been t 
produced ; that the crust, because it cooled fasi 
tended to contract faster than the interior; 
that such tensions should in fact increase stead 
till catastrophes result. It is further conceivs 
that these catastrophes should at first occur nj 
frequently though less violentlj- ; later alw 
less and less frequently but the more vehenf^ 
according as the crust grew in thickness aod 
resistance-power. According to this view, - 
should now he living in a period in which. ii 
explosion of the earth as a result of this coi 
tion, was to be feared every moment. 
- Serious confirmation of this view is iSoti 
by the appearance of our nearest neighbor in 
solar system, the moon. It really looks exac 
as if it had once upon a time cracked like a gli 
ball. As is well known, the half of the i 
visible to us is dotted with innumerable crate 
In my opinion, however, these have not been f 
duced by conditions which are directly comp 
able to those of our own volcanoes; later oa, 
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appearance, called obsidian. Such a sudi 
bursting of the moon's crust as we here pre 
pose fulfils the conditions for the formation 
obsidian. Accordingly there is no other ex, 
ration for the phenomenon of the moon's strei 
ers than that the moon's crust has cracked o 
at some time and that the fissures were then fi 
up immediately with shining obsidian or H 
other glassy formation. Indeed as the moon : 
several independent systems of streamers a 
diating from different centers, it is likely tf 
the crust has cracked not only once but seve 
tipies. 

The moon is made of tiie same material a 
earth. It was originally a part o£ the earHi i 
therefore the two bodies resemble each ott 
the character of their development, as do r. 
and daughter. Whatever has happened tO-, 
moon may also happen to the earth. Accordl 
it is at any rate of significant interest to t 
learn how the moon developed these : 
Toward this end, two English astronomers, N 
myth and Carpenter, performed an experini 
with a, glass sphere which they filled ■with \ 
afterward closing up the opening with meH 
glass. When the sphere was heated, the wa 
in the inside expanded more than the envelopii 
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As a result, the latter cracked along lines 

radiating from various points, marvelously like 

Pe streamers on the moon. (Notice the illus- 

ation.) We must concede that the experiment 

[escribed above essentially reproduces the condi- 

is which obtain when a planet cools off, that 

developed a solid crust around its fluid 

Bicleus, The effect must evidently be the same, 

■whether the interior expands more than the shell 

the case of the glass sphere filled with 

heated water, or whether the crust contracts to a 

greater extent than the nucleus will yield. We 

have seen further' that, under our hypothesis, the 

danger of the explosion of a heavenly body in- 

proportion as the crust becomes 

^stronger, in other words, older. Now, speaking 

telatively, we may say that the moon is consider- 

ibly older than the earth. It is true also of 

avenly bodies, that the smaller of two has the 

ftiorter life-span. In the case of heavenly bodies, 

this is a physical necessity, because the smaller 

body must cool off faster than the larger one. 

The moon is lifeless or nearly so. Only faint 

uncertain evidences of a subsiding activity arc 

visible upon its surface. All this seems to confirm 

the view that our satellite has in fact lived 

;*.through such catastrophes by which its entire 
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crust has been cracked nearly from pole to pole. 

In regard to the occurrence of the catastrophe, 
there can be no doubt. We see the evidences of 
it with our own eyes. All other attempts to 
explain the moon's streamers can be contro- 
verted. It is true that the French astronomers 
Loewy and Puiseux still cling to the older view, 
according to which these streamers are composed 
of whitish volcanic ashes which have been strewn 
thus by winds. But it is impossible that winds 
blowing half-way around a rotating sphere J 
should keep their direction without swerving im 
the least. That would be contrary to all expen 
ence and likewise contrary to theory. But it '9 
quite a different question whether this catastta 
' phe may have been caused otherwise than by n 
explosion through inner tension. For examfdM 
if those English astronomers had thrown a stonl 
against their glass sphere, the cracks thereibji 
produced would have had the same ray-fonflJ 
arrangement. And as a matter of fact sucM 
stones can strike heavenly bodies also. We shaBfl 
shortly consider this matter more in detail. , i 

But have we not already proved the necessim 
of such an explosion ? We have : on the assumn 
tion, however, that the earth's crust is realM 
rigid, that is, unyielding. But this is demonstlJ 
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I not the case, It can be proved by experiment 
the hardest rock yields under even very 
tht pressure, if but sufficient time is allowed. 
Brble slabs are cut into, like some soft sub- 
Bice, by the posts that support them : and this 
ftely by virtue of their own weig'ht Again, 
f bend crooked, somewhat like a plate of lead, 
lE, When standing upright, tliey are weighted 
obliquely. Of course such eiiects are wrought 
only after centuries. And one must consider that 
marble is one of the hardest varieties of rock. 
Furthermore the pliability of a substance can 
be increased considerablj' b)- heating it. It was 
under sudi conditions, moreover, that our earth 
was formed. Where mountains have upreared 
their towering masses, we see strata, which as 
alluvial deposits originally settled in horizontal 
layers, now lying in folds like cloth thait has 
been rumpled. This took place under a pressure 
that raised mountains and yet this pressure can- 
not be nearly so great as a tension which could 
ultimately cleave the earth's crust for thousands 
of miles. Without doubt then, the earth's crust 
will be sufficiently pliant under any circumstances 
er. to accommodate itself to the slow 
of a steady pressure. At the utmost, 
sional fissures may be produced in isolated 
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spots w'here different pressures are exerted i 
quite opposite directions. The earth, in spite < 
its solidness, is so plastic that, as theoretical der 
onstrations have shown, if it were not alrea 
flattened at the poles, it would become so ev( 
to-day by virtue of the centrifugal force de^ 
oped in its daily rotation. And so the flattenin 
of the earth's poles in no wise proves, as ' 
formerly imagined, that the entire globe must I 
one time have been in' a fluid state. According! 
what we found to be true on a small scale in tie, 
case of the glass sphere, by no means applieu 
without modification to celestial bodies and I 
vast epochs of cosmic evolution. Besides it woul 
be contrary to all known laws of nature if, in tl! 
normal course of things, a development of ai^ 
sort should end in a catastrophe. I wish ' 
call attention to the phrase : In the normal cow, 
of things. For we all know only too well tha| 
in individual cases, catastrophes occur but ttw 
frequently. 

But at the same time we have seen also thai 
because the cooling process goes on without id 
terruption, the earth's crust is kept in continua 
motion in order to accommodate itself to th 
constantly changing conditions. The earth is b 
ing constantly reduced in diameter through i 
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own weight which compresses the mass always 
more and more, as well as through the cooling 
process just mentioned. The crust therefore be- 
comes too large. It wrinkles like the skin of an 
aging person. All these operations prevent the 
crust from resting even for a moment ; and these 
movements, though individually insignificant for 
the dimensions of the earth, constitute the earth- 
>akes which in a few seconds can involve whole 
s in misery and' desolation, 
^the phenomena that threaten the human 
( destruction, none, gives so vividly the 
impresfiioi. that all order in the universe has 
come to an end, as these fearful tremblings of 
the earth's foundations — that primordial ground- 
work than which, next to the stars of the 
firmament, nothing in all nature seems more 
unchangeable. Upon this firm foundation rest 
all our hopes. Suddenly without any warning, 
when the peaceful landscape round about is 
bathed in gladsome sunlight, the earth shakes 
underneath our feet. At times but a single shqck 
is produced lasting only an instant. The earth's 
ust may be shifted sideways no more than an 
ighth of an inch and Hfted upward a still small- 
r fraction. Nevertheless the force of the shock 
\ so great that loose objects are thrown thirty 
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yards and more. Practically the same thing 
happens when you strike a blow with a hamnier 
on the under surface of a plank which is itself 
. immovable: sand and other light objects upon 
the plank may be tossed high into the air. Of 
all forces upon the earth, those which cause 
earthquakes are by far the mightiest. It is a 
fact that whole continents have been jarred sim- 
ultaneously. And it is just in the case of such 
extensive earthquakes, that the center of disturb- 
ance must be sought at a great depth, six mile* 
or more below the earth's surface. That is to 
say, these terrific forces can shake to and frojfl 
piece of the earth's crust measuring over s^| 
miles in depth and hundreds of thousands e^ 
square miles in surface area. The great eartt^| 
quake of Lisbon in 1755 caused the death ofl 
60,000 human beings and reduced to a mere hedj 
of ruins the entire city, at that time one of tlH 
wealthiest in the world. Yet the shocks werfl 
but three in number following one anothefl 
within the space of five minutes. In theajfl 
five minutes, an end of the world broke unfl 
expectedly over the heads of these thoiJ 
sands of victims. This earthquake was fefl 
throughout the entire northwestern part of Kul 
rope, on the British Isles, in Germany, in SwitM 
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rtensire moontaiii range b small in mass < 
f pared n'ith such continentaJ areas many i 
l^ick as are thus set in motion. And when i 
lleam that in the case of the earthquake of I 
I in Japan, a qoartcr of a million of houses i 
I destroyed, we may well ask whether these aw 
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forces might not at some time so shake the whcrie^ 
globe that all the works of man would crumUe' 
perhaps in an instant. 

In order to answer this question we must iw 
quire into the causes of earthquakes, Just as i 
the case of storms we inquired into their causes.1 
Are there any constant factors at work upcn>A 
-which, at least in the normal course of thiBga,] 
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tve can count here also ? Unforliiuately the same ; 
hing; is true of our knowledge of earthquakes 
which we found to be true of volcanoes : in both 
cases we are still very much in the dark con- 
cerning the causes of the phenomena. Only 
■within the last ten years have observations of 
earthquakes been made systematically and with 
efficiently sensitive instruments, so young is the 
cience of "seismology" which thus far has ac- 
mplished nothing beyond gathering and to 
extent sifting a comprehensive collection . 
f observations which will be used in the future 
i a basis for the construction of scientific theo- 
les. For the present however it appears that 
[lese most terrific of all natural phenomena are 
t the same time the least understood. Even in 
he caprices of the weather we recognize nowa- | 
[ays more law and order than in earthquakes. ' 
still some of the more prominent phases of 
heir make-up are known to us and these afford 
lome substantial clues to a solution of the prob- 
em under consideration. 

In the first place it is clear that tliere are defi- 

lite regions on the earth's surface where earth- 

ikes occur oftener and with greater violence 

ban in others which may be regarded as rela- ' 

ively free from them. For example in the plains 
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I of nortbcm Gennany, caitbqnakcs have beea « 

[ tenred ociy very seJdom; an) when tfa^ la 

[ occorred, they were found to be the remote e 

I of larger earthquakes centering outside oi lb 

k territory. Again, except for Eg>'pt and tbe coas 

of the Meditenanean. nearly all of .Mrica 

free from earthquakes. Territories rich in 

qaakca, on the other hand, are usually thot^fa v 

invariably rich in volcanoes. The western ooai 

nf North and South Antenca which are tbid 

' dolled with the great volcanoes of the And 

from Alaska to Tierra del Fuego ("Land 

Fire"), are likewise frequently visited wif 

earthquakes. In Central America there is a dis 

trict where the earth's crust is almost incessanti 

in motion, so that the natives have called it " 

hammock." On the other hand volcanoes as i 

Sa earthquakes are rare along the entire Atlanti 

coaiLi of the American continents with die i 

I ccption of the neighborhood of the Alleghen 

I muufitains which, however, is not a volcanic t 

' trict. 

I It teemed natural to infer therefore that ther 
ill some direct connection between earthquake 
and volcanic phenomena. For during an eruption 
the surrounding country is always shaken moi 
or IcRM ; indeed in view of the accompanying ex 
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4osions, this could not be otherwise. However 
t became necessary to change this view to some 
ixtent, since it was found that volcanic outbreaks 
1 by no means be the universal cause of earth- 
quakes, but on the contrary, that both phenomena, 
jarthquakes and volcanoes, must have a common 
inderlying cause. We must be careful to dis- 
anguish clearly between volcanic earthquakes 
Bid those that are neither caused nor accom- 
panied by any volcanic phenomena whatever. 
The latter are described as "tectonic," that is, 
■upbuilding earthquakes because they help to build 
I the structure of the earth. Earthquakes of 
sis type are invariably the most extensive and 
ierefore they must be the effect of a far greater 
Srce than that which causes volcanic earth- 
[nakes. Volcanic earthquakes, it is true, nny, in 
he immediate vicinity of the volcanic explosions, 
nrpass tectonic shocks in violence ; but then they 
: always confined to this vicinity of relatively 
all area. During the eruption of Santa Maria 
1 Guatemala, October 1902, the earthquakes for 
1! whole day took the form of "one continuous 
baking which gave one a sensation similar to 
hat ejqierienced on board a ship in deep sea." 
f See the author's Von Saint Pierre bis Karlsbad, 
Studien iiber die Entuncklungsgeschichie der 
yulkane, 2 ed, Berlin, 1904, p, 45.) 
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But only a few miles away from the centre 
"of this terrific eruption there was no evidence 
of the earthquake. In the fearful catastrophe of 
St Pierre, the earthquakes were of subordinate 
importance. If nevertheless the most sensitive 
sei&mc^raphic instruments registered microscopic 
tremors of the earth's crust even in Potsdam, 
this is to be accounted for as the effect of J 
distinctly secondarj' phenomenon. Earthquakes 
are often caused by sudden fluctuations of atmos- 
iheric pressure resulting from such volcanic ex- 
plosions. It is common knowledge that the at- 
mosphere represents a considerable weight. 
Aotal pressure upon the eartli's crust is equivalent 
to tliat of a sea of mercurj' two and a half feet 
high, covering the whole globe. It is easy td 
inderstand that if, over an area of thousands 
of square miles, the thickness of half an inch 
of this mercurial sea should flow off elsewhere; 
ttie earth would breathe again and expand under 
the diminished pressure. It has been observef 
in stone quarries that strata, after they were re-* 
lieved from the pressure of the overlying layers, | 
have swelled and formed folds such as are seen in J 
mountain ranges. In this sense there is there-; 
fore — what was believed long ago but meantime J 
•much disputed — a connection between earth->,j 
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quakes and barometric pressure. On old barom- 
eters tile mark "Earthquakes" is to be found 
underneath "Storm." And in fact a tendency to 
arthquakes is to be expected during low baro- 

ric pressure. 
I Another very striking example of a terrific 
iquake confined to a small local area is that 
E Ischia which took place in July and August 
J83. After slight tremblings had for several 
fys previously been noticed upon the island 
■ere occurred on the 28th of July, a sudden vio- 
t shock which transformed the city of Casa- 
fcicdola into a heap of ruins under which thou- 
Uids of human beings were buried. Gentle 
[niverings followed, and then complete rest was 
pstored. Only at infrequent intervals in August 
'. September, the mysterious subterranean 
e heaved with subsiding energy against the 
h's crust, and then it ceased. Ischia is an 
rod between the Bay of Naples and the Gulf 
f Gaeta, forming a continuation of "the Burn- 
[ Fields" (Campi Phlegraei) where volcanic 
btivity rages almost more uncannily than under 
iavitts Itself. For here eruptions occur at 
1 wholly unexpected places. Thus in 1538 
u tlie midst of a coastal plain rich in. vegetation, 
■ Ibere was thrown up suddenly, amid thunder and 
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lightning and violent ejections of glowing ashe 
a new volcano which has had but this single erup 
tion. In recognition of its recent origin, i 
hill is named Monte Nuovo, or "the New Moutt 
tain." The principal peak on the Island of Ischi 
is likewise an extinct volcano called Epom£o;S 
had its last eruption in 1302, when it ejected tl 
lava-stream of the Arso which is barren even K 
this day. Ever since the volcano has been ii 
tive until in 1881 it again drew attention to itsel 
through an earthquake which was followed tw 
years later by that fateful shock. The volcan 
itself, it is true, remained inactive; only the law 
streams issuing from the scoria-cones of the ^ 
cinity were hotter and flowed more freely, ' 
gaseous vents, or fumaroles, redoubled their a 
tivity and there are reports t!iat in some place 
the earth was found to be much heated a fe 
feet below the surface. We must conclude th 
at no very great depth the volcanic activit 
which had been chained but not subdued, was tr 
ing to find a vent by means of an explosion wit! 
out however this time suceeding in forcing a wi 
to the surface. Such earthquakes have oft( 
heralded fatal eruptions. Pompeii, for exampl 
was partially destroyed by earthquakes sixtee 
years before the famous eruption of Vesuvius i 
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A. D. Moreover at that time Vesuvius must 
Ire been considered one of the extinct volcanoes 
t as Epomeo on the Island of Ischia is today. 
Is therefore quite possible that that island may 
share the fate of Pompeii and Martinique 
itnd. 

the earthquake of Casamicciola, since it was 
is caused by volcanic activity even though no 
iplions occurred on the surface, was confined 
the island. The /nstruments of the observa- 
y on Vesuvius were not at all affected by it. 
leed throughout the surrounding volcanic dis- 
:ts, no effects whatever were noticed, 
^ow there is a method by which one can deter- 
le approximately the depth of the centre of 
ttirbance. A blow struck upon an elastic body 
ises it to vibrate just as sound produces vibra- 
is in the air and light in ether. But th« earth's 
St, composed of rock, is also more or less 
Stic. Such vibrations spread out from the 
tre of disturbance in a spherical form. Ac- 
dingly when a blow is struck upon the earth's 
st from a certain depth, it must, as the ac- 
ipanying illustration shows, reach the surface 
■ later the farther tliat particular spot is re- 
red from the one which lies exactly above the 
ire of disturbance, that is, from the epicen- 
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Irum M of the earthquake. If the blow I 
struck at the point O in the earth's interior, 1 
resulting shock at the epicentrum M will 1 
a vertical direction lifting objects on the eai 
surface so as to strike ab at right angles, 
farther the point of observation on the eat 
surface is removed from the epicentrum, the n 
oblique will the line of direction of the shock bc.1 
For example, at B the vibrations will have the | 




line of direction OB falling at right angles OqJ 
cd; at C, OC falling at right angles on ef and s 
forth. Comparisons between the time and tiie^ 
direction of earthquake vibrations afford the | 
data for determining the location of the actual 
centre of disturbance. 

Whereas in this way the centre of disturbanoed 
of the most violent earthquakes has often 1 
located at no great depth, in the case of 1 
earthquake of Ischia for example, certainly i 
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Kore than 1,500 feet: on the otlier hand it has 
Ken found that earthquakes which, though they 
Ke at times less vehement, extend over larger 
Beas, have reached the surface from a depth of 
Kanv miles. In one instance the centre of dis- 
fcrbance was located twenty-five miles below 
He surface. What a terrific force it must have 
^een to shake whole continents at so great a 
Bstance. Again we are confronted with the 
Bbxious question : Could not such a force some 
^p.y destroy all that man has lahored to upbuild 
Hith his hands and with his brain? Is it not 
'possible that the awful convulsions of an earth- 
quake might cause an end of the world as far 
as man and his works are concerned? 

Where do these forces come from? Clearly 
they are not of terrestrial origin for we know of 
no force due to conditions on the earth's surface 
that could produce even approximately such ef- 
fects. From the standpoint of cosmic forces 
however, the movements observed during the 
■most violent earthquakes, are slight indeed. 
."SVhat cosmic force is it then that grips the earth 
intervals, shaking it to its foundations? The 
th floats unimpeded through empty space in 
orbit around the sun ; and while, in astronom- 
rlance, all other planets "disturb" its 
irse, yet even tliese perturbations cannot be 
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otherwise than steady and regular in tlieir o 
tion. Sudden impediments in the clockworkl 
movements of a heavenly body are unthinkable^ 
But we have already taken notice of and 
force to which we attributed even the power d| 
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! crust, because it cools faster, must finally 
Twcome too tight for the planet. Fissures are un- 
avoidable; and these are in fact often produced 
by earthquakes. The ground gapes suddenly 
and in its awful jaws is swallowed up what man 
and nature had built upon that site so firmly, 
as it seemed, and so securely. Rocks and clods 
of earth roll after into the yawning grave per- 
haps of hundreds of human beings. In some 
districts fissures several yards wide and many 
miles long have been formed. On the other hand, 
earthquakes have in some places been known to 
ihove strata together so as to form ridges, and 
igain they have tilted beds of rock or twisted 
:hem. It appears then that mighty forces are 
iverywhere pushing and tugging at the earth's 
rust in order to effect changes in its features 
orresponding to an equilibrium of the contend- 
ag forces. The surface may thus be fractured 
epeatedly while the underlying strata remain 
lerfectly pliable. 
But there arc other processes besides the cool- 
f of the earth that cause disturbances of its 
Our planet is constantly contracting not 
inty because of radiation of heat but also on 
iccount of its own weight. By this contraction 
f£ the earth under the pressure of its mass, much 
Tthe radiated heat is replaced. In luminous 
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tbe SOD, tbe eenentian of hoi 
oxtatSoa a greater tbetn the radiatiaD 
IkH, copgdwabte as the btter is precisely in 
case of these oibs. Bat afier tbe material d 
hesTenlj bodj bas been, Hke the earth, nnicb 
cot np re s scd, the gtneratioo of heat 'timiTt'"*"^ 
ooosOBAy, It Is certain, bowerer. that our 
earth has as yet by do means reached its 
maxim nm limit of compressioo. Its 
dennt)' is about equal to Aat of iron. PI 
bas a density almost three times as great Xov, 
in a sphere, the pressnre increases toward tbe 
centre. The centre is therefore compressed more 
than the surface. Thns the effect produced is 
iCxactly opposite to that caused by mdtatiiH] of 
jheat : the crost becomes too lai^ for the interior. 
In consequence folds are raised like those of 
[mountain ranges. Now it may happen that 
"lengthwise of such a fold the crust for some 
reason cannot rise enough. It breaks off. A 
steep declivity is thus formed on one side of the 
fold which on the other side rises gradually in a 
wavy slope from the plain. The Alps are an 
example of this. They rise very gradually on 
llie north through a series of ridges swelling 
ever higher ; on the Italian side, on the contrary, 
they fall abruptly to the valley of the Po and, 
in the west, to the ocean. In former times 
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ot of this steep declivity was washed along it9 
btire length by the sea which then covered 
are now the lowlands of northern Italy. 
t is easy to see that, when a part of the crust 
ks deep enough down, the sea, since it covers 
^ all the deeper lying parts of the earth, must flow 
r it. This explains why there are so many 
precipitous coasts with towering mountains ris- 
ing in steep ascent from the sea. Of such forma- 
tion, for example, is the Pacific coast of North 
and South America upon which the gigantic 
mountain range of the Andes rears itself impos- 
ingly. With but few interruptions it encircles 
half the globe, extending from Alaska to beyond 
the south pole ; for in the light of recent develop- 
ments in South-polar explorations, it is almost 
certain that Victoria Land with its two great 
volcanoes, Erebus and Terror, constitutes a con- 
tinuation of the Andes similar in its fundamental 
—characteristics and in its life-history. 

There are still other causes that necessitate a 

jflaw readjustment of the crust. One of these 

1 the gradual retardation of the eartli's rotation 

I its axis. Marvellously systematized as is the 

Jcwork of the heavens (we shall give more 

lattention to this phase of our subject later on), 

I it does not operate without hindrances which be- 

^'Come noticeable after hundreds of thousands of 
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rtan. la df« rgsoec h ajcs likr the dockw 
rraoe r, j th* bzuds Df r=2ii. It becomes dc^ 
whr: dnsr r: tbc caj!^ of years. For ind 
rtlatrrdj a great deal of dust whirls about 
space, facing cQnstanth- upoa the earth ; 
thereby slowly bat steadily retarding its moti 
It has been observed noorcover in the case 
other planets that the younger their stage of 
velopment, the faster they rotate on their a: 
Now in view of the plasticit>' of the earth, 
flattening at its poles must always be exa( 
proportioned to the centrifugal force wh 
drives the parts of the equator away from 
earth's centre and thus has produced this po 
flattening. Accordingly since the earth's sp< 
of rotation steadily slackens, the flattening at 
poles must be diminishing gradually, so that • 
earth is becoming more nearly a perfect sphe 
There is therefore a constant movement of 
earth's mass from the equator to the poles. 
be sure this movement is but very slight wit 
epochs of human history, but it is of the sa 
order of magnitude as that due to the process 
radiation of heat as described above; and' b 
operate steadily. This slow movement of 
equatorial bulge in the direction of the poles < 
tluToforo produce tensions which at times res 
in earthquakes. There is another cause, o 
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tcted with ttie earth's axis, which effects dis- 

rbances of the crust. It is the fact, known only 

IT about two centuries, that the poles slowly 

love in spiral path over the earth. With this 

Hing of the poles, the great bulge at the equa- 

three miles in height must move also. Though 

the comparatively short period of time 

which we have made observations, the poles 

'e moved only a score or so of yards, it is not 

WSsible and indeed probable that these oscilla- 

IS have been at some time much more con- 

yable. And even today there are evidences 

t the spiral swing of the poles is increasing. 

All these forces evidently lay hold on large 

as of the earth's surface at once and therefore 

tectonic earthquakes thus caused are found 

be the most extensive. It is easy to under- 

id that dSfTerent parts of the earth's crust 

'C naturally developed different degrees of 

3ness, some being hard and unyielding, others 

iker than the average and so especially sub- 

t to fracture. All bodies have weak spots 

HCh cannot effectually resist pressure. The 

rth developed such weak lines where masses of 

Itinental extent shoved past each other or over 

di other, or where one side sank while the 

Rr remained standing. Now since we have 

on the one hand that all forces that pro- 
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duce extensive earthquakes act steadily and verjr'W 
slowly, and on the other hand that the crust is 1: 
by no means indefinitely unyielding, it is clearly I 
impossible that the tensions and pressures which 1 
ultimately find vent in earthquakes should grow t 
to unlimited proportions. The caSastrophes wWcfc M 
are to be feared from earthquakes must also havt^ 
their maximum limit just as those arising frOf^M 
disturbances of Ike atmosphere. ^| 

We are now confronted with the question afl 
to how far this maximum can exceed seismic i 
catastrophes of which we have knowledge, A 
mere rough estimate will not however suffice tn 
dispose of this question. That these forces have 
in the course of time produced great changes 
in the features of the earth, is proved by our 
mountain ranges. Along the western slope of 
the Andes, a piece of the earth's crust as large 
as the Pacific Ocean has sunk several miles. If 
this took place suddenly it was a catastrophe of 
terrific proportions. On the Pacific coast of Asia, 
the indications again are that the bed of the sea 
was formed by the subsidence of dTy land ; and 
in fact this process is still going on. We may 
assume that the floor of the entire Pacific Oce: 
was at one time dry land and that thus an an 
of land larger than all our continents combine; 
sank so deep that the sea, which at that tim 
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ivered other regions of the earth, flowed in 
rer it. It may be that previous to this catas- 
3phe all that is now land was sea so that there 
been an interchange of the boundaries of 
Qd life and ocean life. In any case it is a fact 
at all the parts of the earth's crust which today 
. habitat for land life, were at one time 
bottom with the exception only of a few 
ands that rose above the primordial sea. The 
£-beds of what is now dry land prove this. 
jey are of sedimentary formation, being the 
rdened deposits of sea ooze in which are found 
ibedded the fossils of sea animals. Such an 
terchange of land and sea, provided it occurred 
ddenly, must have caused the destruction of all 
r things. 

t us now consider more in detail the process 
which a new ocean is formed through the 
pang of a continent. We shall find this 
»rth our while because it will throw light on 
ireral interesting points. 

The peaks of the Andes rise to the height of 
er 20,000 feet and near their base the floor 
''the ocean lies at an even greater depth below 
I level than that giant mountain range towers 
What is now the bed of the Pacific 
1 has' thus reached its present level by sink- 
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II 



Ing a depth of over 7 miles. Now the tempera- 
ture of the earth rises on an average about 1 
degree Fahrenheit for every 60 feet of descent'1 
below the earth's surface. At a depth of 7 miles 
the rise of temperature would therefore amount 
to about 600 degrees. At this temperature many 
metals begin at least to soften. In case then a 
part of the earth's crust should sink abruptly to 
such a depth, the rock exposed at the bottom 
would be soft and could not withstand the pres- 
sure which during such occurrences moves con- 
tinental masses. It would overflow along the 
line of rupture and ultimately it would, at least 
in some places, form an outlet to the surface for 
the deeper-lying sea of fiery molten matter called 
magma. But that is equivalent to saying thatj 
volcanoes must be formed upon these lines 
rupture. And this has in fact happened. Aloi 
the entire length of the Andes, from the Arcti 
regions to the south pole, volcanoes have beet|1 
formed upon mountain ridges which are 
themselves of volcanic origin. Because these voW 
canoes are set upon the gigantic pedestal of 
Andes, their height above sea level is no indie 
tion of their significance as volcanoes. To ilh 
trate, Etna which is only 10,800 feet high, is 
more important volcano than almost any of 
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irolcanoes of the Andes although these have 
heights of over 20,000 feet from which, however, 
14,000 feet must in many cases be deducted as a 

i-volcanic foundation, whereas Etna has up- 
(uilt itself from sea level with its own products. 
The formation of volcanoes upon ruptures ex- 
)lains their distribution in lines which is notice- 
ble not only in the case of the volcanoes of the 
^ndes but indeed in all the larger volcanic dis- 
ricts. In all these places there must have been, 
1 c^orrespondence with our theory, lines of rup- 
are which the magma streaming forth from the 
reach filled up, just as a wound is closed by the 
lotting of the blood that flows from it. A 
Teat ring of volcanoes encircles the whole Pa- 
ific Ocean and thus this entire ocean 'basin ii, 
B we have already surmised, a submerged con- 
[nent. 

Now we understand, too, the connection be- 
rreen volcanic phenomena and earthquakes. The 
itter are, in their aspect of tectonic widespread 
onvulsions, tlie primary phenomena. Mighty 
orces are still tugging and pushing at the weak 
oris of the crust where it has already been rup- 
ured. At times an old wound is torn open again. 
Phe shifting about of masses in the earth's in- 
erior hiay also cause a sudden lessening of pres- 
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sure somewhere so that rock masses formerfl| 
kept ill a solid state by compression become flui 
or even gaseous, and violent volcanic explosiotd 
result. We see therefore that volcanic outbreak; 
are always only the results, never the causes, of.j 
extensive earthquakes. Not many decades ; 
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the reverse was usually believed. Every t 
quake was viewed as the consequence of s 
volcanic activity and, when there were no acconj 
panying volcanic displays, it was assumed 1 
the eruption must have been subterranean, 
new view here expounded explains also, why t 
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^nic earthquakes occur most frequently in vol- 
anic districts without, however, being confined 

I them. For the forces that shalie the earth's 
crust, take hold of it where it is weakest, that 

, where ruptures have already been formed; but 
(his does not prevent whole continents from 
ieing convulsed at times when the forces oper- 
iting are unusually violent. One can under- 
ind too that in certain regions earthquakes can 
Cotinue without interruption for several years, 
or the reason that the rock masses yield step by 

tep to the pressure brought to bear upon them. 

lie earthquake which has become most famous, 
ir rather, most notorious in this respect, is that 
fhich took place in the Greek province of Phocis 
rhere for three years from 1870 to 1873, the 
onvulsions continued without interruption ac- 
ompanied by underground thunder and land- 
lides. There were days when, in round numbers, 

9,000 separate shocks occurred or on the aver- 
ge one shock every three seconds. Very violent 
[estructive shocks alternated at irregular inter- 
rals with ligiiter ones. The unfortunate popula- 
iOn, already poor before this visitation, was 
hrown into such a state of constant nerve-rack- 
ng terror that insanity and epilepsy became epi- 
lemic. Then the outbreak subsided as it had 
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begun. Aside from the fact that there are no 
volcanoes in that district, we do not know of any 
example of an eruption that could account tot 
the long duration and the irregular appearance 
of those earthquakes. More recently, in the win- 
ter and spring of 1903, similar long-continoed, 
though in this case not very violent, earthquakes 
occurred, as they had once before, in the Vc^- 
land, that is in the neighborhood of the rupture 
upon which the hot springs of the Erzgebii^ 
are still to be found as remnants of a subsiding 
volcanic activity. These hot springs, however, 
underwent no changes that could have been inter- 
preted as signs of a reviving volcanic activity 
underground. The tectonic forces here operating 
shook a part of the earth's crust so large tha 
it connects Germany with the Antillts. For I 
fuller treatment of this subject the reader i 
referred to the author's book (juoted on page 39 

When a broken block of the earth's crust S' 
to such a depth, the catastrophe does not en< 
with the ejection of lava from the fracture aru 
the formation of volcanoes with occasional { 
companing explosions. As the sea floods, t 
submerged land, a mighty conflict ensues 1 
tween it and the fiery magma that breaks fcwtl 
out of the depths. Along the whole niptui 
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Btastrophes like that of Krakatoa become the 

■der of the day. The sun is darkened. Great 

lasses of water and of dust are ctmstantly 

hirled into the air. When that single volcano 

s in a similar way beneath the sea, the effects 

: the volcanic products that had been blown 

llto the air were observed for many years after. 

1 this case, however, we are concerned with 

jccurrences which took place along a line of 

rpture reaching half around the earth where 

nlcanic activity must certainly have raged with 

XJnceivable violence for thousands of years. 

there can be no doubt but that in the inflowing 

prts of the sea all living things must have per- 

fced, and while it is not likely that the destmc- 

1 caused directly by the eruptions — thousands 

' which perhaps broke out here at the same 

tne — ^involved all the existing dry land, still the 

gather conditions which followed must have 

1 fearful effects. The air was filled more and 

we with moisture causing an increase in rain- 

I especially as the great mantle of dust which 

I spread through the atmosphere intercepted 

; sunlight and so diminished considerably the 

lount of heat received by the earth. Now the 

brmer the air is the more moisture it can retain 

t the fonn of vapor. The increased rains and 
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tiie constantly clouded sky kept the sun's heat^ 
always more from the earth. The result was 
that the tendency of the whole circulation of 
water in the air was downward. A complete 
change of climate had to ensue over the whole 
earth. After the deluging rains subsided, the 
earth remained damp and cold. Glaciers slid 
from the mountains lower and lower down into 
the val!e)S, for the sun could not melt the great | 
masses of snow that fell continually upon the 
summits. Thus even districts where otherwist 
the temperature in summer would have been 
above 32 degrees Fahrenheit, were permanentlj 
sheeted with ice Just as the ends of the AIpitM 
glaciers to this day descend below the limit ( 
continual snow. Finally even the plains at th( 
foot of the mountains were covered over large 
areas with an ice-sheet that grew thicker an< 
thicker. The ice age, or glacial period as it i 
called, set in, the effects of which can be s 
even now over the whole earth. It was the mei 
of Professor Hans Meyer of Leipsic to hav< 
demonstrated by the evidence of Mt. Kiliman 
jaro and, more recently, by that of the Cordit 
leras of South America, that everywhere even it 
the tropics the glaciers of that period reached 
far lower down than at present. The brother) 
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Sarasin of Basel were the first to develop the 
theory here advanced, that the ice age was the 
consequence of a period of extraordinary vol- 
canic activity. 

This theory is supported by the following- facts 
which have been well established by careful sci- 
entific investigation. The Andes mountain range, 
according to geological reckoning which to be 
sure measures by hundreds of thousands and by 
millions of. years, was formed simultaneously 
throughout its entire length. Moreover its vol- 
canoes were developed as a consequence of the 
process of upbuilding this most imposing of all 
our mountain ranges. About that time an almost 
tropica! chmate prevailed over nearly the whole 
, followed by an enormous fall of the tem- 
Krature. Penck, at present the foremost inves- 
gator in this field, holds that there have been 
; least four great glacial periods separated by 
irarmer periods. But it appears that these great 
gllac^I periods may in turn be divided into a 
r number of smaller epochs marking slighter 
[actuations of temperature. We see then 
hrough what vicissitudes of weather the earth 
( passed. The length of the ice age can be 
I only approximately. According to the 
}st reliable calculations, it must have begun 
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The defage-mytfas which fasf^ 

D to OS from earfv ages ma}' have sanV 

] the ndssltades described abom 

1 mjrth points almost munistakaUy to 

c oatbreaks as tbc cause of tbe great floodi 

1 your leave, I shall here repeat an appodtd 

i from my votk entitled "Die Entstebimg 

r Erde" (sth ed. 1904, p. 367ff.). The PersiaR 

myth describes the great flood as follows : "Fiwn 

the south there came up a huge fiery dragon. It 

[ laid waste eventhing. Day was transformed in- 

t to night The stars were hid by its gigantic tail 

L which spread over the sky leaving only the sub 

and the moon visible. Boiling hot water poured 

I down from above burning trees to their very 

L roots. Amid frequent lightning raindrops fell 

L as large as a man's head. Water covered the 

I earth above the height of a man. Finally after 

k the battle with the dragon had lasted ninety days 
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id ninety nights, the terrible antagonist was 
.nquished. A great storm came up. The flood 
rsubsided and the dragon sank into the depths of 
"le earth." According to the opinion of the notdi 
geologist Suess of Vienna, this dragon was noth- 
ing other than a volcano in eruption which spread 
its fire-streamer like a tail over the sky. All the 
other phenomena described in this myth tally 
exactly with those following after a great vol- 
canic eruption. 

Thus on the one hand we have shown that' 
after the breaking off and sinking of a huge 
block of the earth's crust volcanic eruptions 
must take place along the line of fissure followed 
by deluges and glacial periods. On the other 
hand we see before our eyes the great line of 
volcanoes in the Andes situated close to the Pa- 
cific coast with its steep slope to the deep ocean 
floor ; and we know that shortly after the forma- 
tion of that line of volcanoes glacial periods 
occurred. Mythical accounts of deluges further 
fill out the picture of that eventful age in the 
life-history^ of our planet. The eruption of 
Krakatoa affords an illustration on a small scale j' 
of all these effects of the sinking of a volcano 
under the sea. Putting all these facts together, 
we must conclude that there was actually such a 
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succession of events as our theory 
I namely, that the Pacific Ocean throughout its I 
I entire extent ivas formed by the breaking off I 
[ and the sinking of its present bottom which be- 1 
I fore had been an enormous continent. 
I Did this involve a destruction of the earth ii 
[ our sense of the term? If that continent s 
r suddenly, the catastrophe must certainly havsl 
I been the most terrible and the most extenslvfrl 

that the earth has ever witnessed since life finta 

dawned upon it. To answer this question is in-S 
, deed not an easy matter. But this much we can's 
^ say: If the sinking had taken place only veiy'H 
I gjadually, we should be at a loss to explain what X 

it was that, toward the end of the so-called "Ter- 1 
I tiary period," brought forth along the entire 
I length of the Andes that tremendous volcanJS' 

activity of which the eruptions that to this diJJ 
I still occur there, are but the faint after-effects. If»: 
I for instance, the coastal region had subsided S^ 

slowly as some coasts do at present where i* 
I takes centuries to produce any noticeable effeeti 
' then the earth's interior could have accomnw 

dated itself thereto as slowly, and only isolatea 
I outbreaks would have occurred. To be sure W* 

have seen that tliese forces that move g^eat eartH 
y masses, encounter resistances; else sudden «»^ 
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ke shocks would not occur. But we know 
■ that the tension caused by such resistances 
)ot exceed a certain limit because the earth's 
!t proves to be pliable under the influence of 
«s which, though powerful, operate slowly. 
these considerations lead to tbe conclusion, 
ever much we may wish to avoid it, that a 
ten force mnst have interfered here. 
^t need here to take cosmic forces into ac- 
at. Whereas even very rigid substances prove 
e pliable for slowly operating forces, on the 
r hand even pliant material breaks under 
impact of a sudden blow. Thus we cannot 
d thft conclusion that a sudden powerful 
' must once have split open the earth from 
to pole. And this naturally recalls the ex- 
te of the moon's radial system of streamers 
re the points of impact can be clearly seen 
Teat depressions in the moon's crusL We 
t not neglect however to say here that there 
a considerable number of distinguished scien- 
who believe that they can account tor these 
ll systems of streamers together with all the 
lations upon the moon's surface resembling 
volcanoes, as the products of purely volcanic 
'ity, in other words, as effects of forces 
ling outward from the moon's interior. 
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There are sunken areas on the moon's surface 
proix)rtionately as large as our own Pacific 
Ocean. . But I think there is no need of here 
going deeper into this conflict of opinions since 
for present purpvoses it matters little whether 
those forces, which are able to crack an orb in 
the way we see exemplified on the moon and 
again in the Andes mountain range of our own 
planet, came from within the orb or from outer 
space. Whatever has been said on the subject 
thus far makes the former alternative seem at 
least improbable. We shall now give our atten- 
tion to the consideration of the cosmic forces that 
might bring about such catastrophes. 

hi this connection comets have been from time 
immemorial an object of apprehension. It is 
easy to see why. The stars appeared to be fixed 
immovably upon the firm canopy of heaven. The 
sun followed unswervingly year after year the 
same path. Mankind had already of old time 
learned to compute its orbit as well as those of 
the moon and planets; and never was there a 
deviation of even a hair's breadth from the ap- 
pointed course. It was clear that none of these 
orbs could ever collide with the earth unless in- 
deed the whole firmament should be thrown into 
chaos and all order should depart out of the 
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^World. But the comets came no-one knew 
Pvflience, and they went no-one knew whither. 
|. Their path among the stars seemed' utterly with- 
I out law or regiilation. Sometimes in the course 
rof a few days they approached so fearfully near 
l^ tfiat it was easy to imagine that they were on the 
■point of dashing down upon the earth. And 
Hwtthal their form was so extraordinary that 
Btbat of itself might well arouse terror. The tail 
Bffhich sometimes extended from horizon to hori- 
Heton across the whole ^ky presented a weird ttj>- 
Hpearance, for, hrightly luminous as it was, the 
^Btars could be seen shining through it as through 
^wome transparent ghostly thing — as through an 
■[*astral body" one might say with our modem 
Hjieosophists. What wonder then that, in the 
^Bmes when astrology flourished, comets were 
^bonsidered omens of ill luck, predicting such 
Htvils as war. epidemics, famine, drought, the 
Kdeaths of great men and what not. As long; as 
Hiothing whatever was known abont the nature 
of comets there was nothing to prevent one's 
attributing to them all manner of calamities. 
About.two hundred years ago Newton derived 
' the laws governing the movements of all heav- 
■ bodies from the one principle of gravita- 
^on, or the mutual attraction of bodies. It was 
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only then that tlie discovery was made that 
comets, too, are subject to the same laws and 
accordingly revolve around the sun in elliptical' 
orbits. Though this discovery had been vaguely 
anticipated before, the prevailing view up to thit 
time was that comets were of "sublunary" ori' 
gin, perhaps some ioflammable evaporations 
from the earth which might escape through vol- 
canoes. But now it was demonstrated that they 
came from interstellar space, and some knowl- 
edge was also gained concerning their make-up* 
A vast assemblage of fears was therewith dis- 
pelled. The orbits of comets were compi 
and it was found that these heavenly 'bodies al- 
ways kept at a greater distance from the earth 
than tile moon, though they approached nearec 
than any planet. It was apparent that from such 
distances they could not exert the slightest in- 
fluence upon the earth. 

But a new fear supplanted those which ha 
been dispelled, and this new one could boast 
scientific basis. It was found that the orlMts 6i 
com.ets crossed the orbits of the planets includ- 
ing the earth in all imaginable directions^J 
whereas the orbits of all bodies in the solali 
system heretofore known were inclosed 
^thin the other at such great distances t 
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ttty could not meet under any conditions. (The 
ttceptions among tbe number of smaller planets 
ynH be discussed later.) The orbits of comets 
pproachedN perilously near those of a number 
f planets, in several instances indeed nearly 
!Sing these, so that, if in their courses the 
* and the planet should happen to arrive at 
e point of intersection at the same time, a col- 
&m would be unavoidable, the consequences of 
flil'ch might under certain conditions prove 
ibtiutous. Thus the earth's orbit has, at 3 
: which our planet passes everj' November, 
pwnt in common with the orbit of Biola's 
Now whereas the mass of comets num- 
r many thousands visit the earth but once, 
■ far as we know never to return, Biela's comet 
Songs to the score or so of periodic comets 
nich return regularly at short known intervals, 
ia particular one ever)' six and a half years. 
ICe in every revolution, that is once every six 
d a half years, Biela's comet crosses the earth's 
liL If tliis should ever happen toward the end of 
iVember, the earth w-ould then be at the same 
e and a collision would be inevitable, No\9 
fte comet is composed of large solid masses. 
le could, in dashing down upon the earth, pro- 
C such violent and long-continued commotion 
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_jie earth has been demonstrated, in- 

I shortly see that such a collision 

^^^^^red not very long ago. Moreover, 

Mite with mathematical accuracy tlie 

_" ' '■'tocity with which in a jrivon case 

' - would have to collide. All that re- 

' ''pen is whether comets are composeil 

™"" ^'*tigh solid masses to produce far- 

-^ — ^tructive effects, 

■■" I" an easy matter to dispose of this 

""—■ he mere appearaiKc of many comets 

— i»e sure one should never judfic hy 

"""■" I is indeed terrific enough to load 

e that the worst might be exix-cted 

- -1 collision. However in the first 

- List leave the enormous tail of tlio 

1 consideration. W'e kiunv by ac- 

.iitation that the diaiueter of the 

i. contained' several times in a cross- 

.omet's tail. And yet the liRlit of 

s through this tail with uudimin- 

y as if through vacant spaee. In 

this, our own atmosphere fi.ir cx- 

ihly diminishes the hriglitiioss nf 

we know from the fact that lliey 

■ as they near the Iwrizon. We 

,..! the tail of a comet must be coni- 
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posed of highly rarified matter Hke that whii 
is to be found in our Roentgen tubes where the' 
so-called cathode rays display their wonders,, 
and very likely the light emanating from a 
comet's tail is of the same nature or of the nature 
of radium. The comet's tail therefore can do nO' 
mischief. An appearance of greater solidity is^ 
however, presented by the comet's "head," as it; 
is called, from which the tail issues. By far the 
most of the comets, including nearly all t3 
smaller ones, have nothing but the head or th< 
develop only an exceedingly small tail, alwa; 
extending in the direction away from the sun 
This head usually looks like a small dissolvin 
luminous cloud, which, as far as our observi 
tions extend, never attains large dimensions eve 
in the case of comets having large tails. It i 
true that there have come down to us froi 
earlier centuries drawings of comets wit 
enormous round heads in which there was suj 
posed to be a furious turmoil of whirling masses 
but we do not know how far the terror wil 
which these heavenly bodies were regarded ma; 
have led to exaggeration in tliose days. Usually 
though not always, there is a brighter spot in thr 
center of the head which sometimes even looks 
like a clear, brilliant star: tlie so-called nuclei 
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This nucleus often gives decidedly the impression 
of a solid mass which might prove formidable. 
At first, while the comet is approaching the 
center of the solar system, vaporous emanations 
stream forward from the nucleus in the direction 
of the sun ; it is only when the electrical repulsion 
of the sun begins to take eifect that the vaporous 
streamer swings backward in a great curve be- 
hind the head so as to form the tail. We can 
analyze these vaporous emanations by means of 
a spectroscope. Their constituents are found to 
be hydrocarbons, such as constitute our petro- 
leum, sodium which is contained in ordinary table 
salt, and also vapor of iron, though the last- 
named element occurs less frequently. During 
the thousands of years of travel through empty 
space, all these vapors would have escaped into 
the void if the comet as a whole were also 
gaseous instead of having a solid nucleus which 
through its gravitation could hold fast these 
vapors either as an atmosphere or in a more 
compact form. The nucleus of a comet must 
therefore have some solidity. 

It remains to be seen how formidable this 
more or less solid nucleus really is. There is a 
-method by which one can determine the weight 
!of a heavenly body as surely as if it could be 
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placed on a balance. In this way the earth it- 
self and the sun. Mars and the other planet? 
have all been weighed. The method is absolutelj 
reliable. But when a comet was placed in thd 
scale of this cosmic balance, the index did not 
budge. There seemed to be nothing whatever in 
the scale. In this respect the cosmic balance i 
like an ordinary one. It is not to be expected 
that an apparatus designed for weighing whole 
wagon-loads can be used also for weighing goldi 
Even a few million tons would be as nothing foi 
this cosmic balance. Tlius a weight which front 
our standpoint is truly enormous, becomes front 
the cosmic standpoint a negligible quantitj-. And 
so we do not feel reassured as yet regarding the 
formidable character of comets. What furthel 
available knowledge is there on the subject? 

I said before that our planet once collided 
with a comet. This happened on November 271 
1872. I myself witnessed the collision from tha 
observatory at Gottingen, where I was at the 
time a first semester student. It is true I had nof 
idea of what I was actually seeing. But it ^ 
the most spectacular display of celestial fire- 
works that it has ever been my fortune to be- 
hold : a magnificent meteoric shower. Fire-balls 
rained from heaven; often in a single seccHid 
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"era! glanced silently in majestic curves past 
"le unchangeable constellations. If one drew 
"leir paths on a map and produced these back- 
, Ward, it became evident that they had all come 
from the same point in space situated in the con- 
stellation of Andromeda. Klinkerfues, who was 
then my director, showed me how to compute 
the orbit of the meteoric swarm from knowing 
■the location of the "radiant," as the point from 
which the shower comes is called. I spent the 
trhole night figuring and, when by morning I 
had at last succeeded in getting the orbit, I went 
with it to my director, whom I found taking 
breakfast. He smiled with satisfaction as he 
»aw my results and said that I had figured cor- 
rectly, that he had just also worked out the 
Iproblem at breakfast. He told me further that 
3t was Biela's Comet, the comet which had been 
missing so long, that had surprised us with this 
I splendid display of fireworks and that it could 
probably still be seen on the opposite side from 
which it had come. This part of the heavens was 
not visible where we were. Klinkerfues there- 
fore telegraphed to Madras, where a comet-like 
Ibody was actually observed in the spot desig- 
?iated. For a long time the correctness of these 
soraputations and of the conclusions based upon 
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dicm was questioned ; and in fact on accoont t^ 
certain deficiencies in the observations they wetC 
not wholly proof against attack. WTien, how 
ever, the same magnificent display was repeated 
after exactly thirteen years, on November 3!J, 
1885, those conclusions became unassailaUe, 
This period of thirteen years constitutes 
revolutions of the comet, which accordingly 
to be at the same place on this day of the yeat 
as in 1872, whereas after the elapse of only sis 
and a half years it had to cross the point of in- 
tersection a half year before our earth. Onlj 
after complete revolutions of both hcavenl] 
bodies can they meet a^in in the same spot ii 
space. 

Bicla's Comet, it has been seen, consists o! 
shooting' stars. Can shooting stars do any mis- 
chief? Fortunately for us, they cannot. It cai 
be dcnionstraled that even very bright shooting 
stars need weigh only a small fraction of ai 
ounce. Because of the cosmic velocity with 
which they [wnetrate our atmosphere they are 
so heated through friction that they not only be- 
come incandescent but are instantaneously con- 
sumed. Often they disappear thus at a height 
of one hundred miles above the earth's surface^' 
and it happens only rarely that a shooting star 
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°3ches lower than an elevation of fifty miles be- J 
'^'re it dissolves into a small cloud of vapor and 1 
'Wishes into the air. A comet might, therefore, 1 
pelt the earth with a thick hail of shooting stars ' 
m'thout so much as killing a fly. It is precisely ' 
their enormous velocity, which is at least ten ; 
Smes as great as that of our best firearms, that i 

;cures for us perfect protection against them ; 1 
or this it is that causes them to be consumed, i 
lur earth is well guarded against danger from 
lis source by its atmosphere, which presents a 
tore impenetrable covering than the strongest 
:eel armor of a man-of-war. 

But are all comets composed entirely of such 
hooting stars? Is there any way of knowing? 
~' ,ere is but one other known comet that crosses 
be earth's orbit and which might, therefore, be 
ested in the same way as Biela's Comet has 
een. This other comet has in fact also yielded 
IS splendid meteoric showers, the Leonids, as 
bey are called, which have been observed regu- 
irly each year in the second week of Novem- 
ler and which make their appearance in excep- 
ionally large swarms every thirty-three or 
hirty-four years, the period namely of the comet. 
lowever. both these comets are very small 
ies of cloud-like aspect with scarcely per- 
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ceptible nuclei. Besides we do nol know whethe 
we have ever experienced a collision at the vet 
point of intersection of the orbits, that 
whether we actually passed through the nucl 
of these comets. Moreover, it is certainly not tn 
be assumed that the nuclei of the larger comet 
consist merely of somewhat denser clouds ■ 
shooting stars; larger solid masses must ( 
necessity be contained in these. 

Does our atmosphere offer protection again: 
the entrance of such larger bodies? To i 
tain extent it does. It is by no means an un 
thing for our atmosphere to be invaded by ball 
of fire from which red hot rocks, weighing ; 
hundred pounds or so, fall down upon the eartl 
with a terrific thundering sound. Even in tiv 
case of these larger intruders the atmosphei 
diminishes at least their cosmic velocity; whei 
they are still at an elevation of more than sixb 
miles they are retarded in -their descent, Thi 
heat generated by friction consumes, howevet 
only a small portion of their mass; the res 
dashes down upon the earth, though only as i 
its descent began at the point of retardation, it 
other words, with no very remarkable degree c 
velocity. Usually the meteorite {for so the fire 
ball is called) explodes in mid-air and falls t 
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he «arth in fragments. The reason for this is 
lat the body coming from icy space, where a 
temperature of about 400 degrees below zero pre- 
rails, has its temperature raised suddenly about 
2,000 degrees,' so that it bursts just as glass does 
heated too quickly. When the fragments 
reach the earth they have an enamel coating 
Bitted over with hollows that was fornied by the 
fusion of the crust. From earlier tim-es there 
tave oome down to us many accounts of how 
great damage was done by such stones falling, 
tn raining down, out of a clear sky, There 
are stories to the effect that whole villages were 
thus set on fire and that flocks peacefully graz- 
ing were thus killed. There is. however, only 
One well-authenticated case where a human being 
|tvas killed by a meteorite. But recently, in De- 
cember, 1903, a ship came near being sunk by 
one on the open sta, in the Bay of Biscay. Dur- 
i storm, which had suddenly broken forth 
piere in December, when they arc very rare, 
: masts were struck by lightning, and a few 
pinutes later a great mass fell with a peculiar 
pushing sound into the sea close by the ship, so 
Siat the waves dashed to an enormous height. 
All thes« stones which have fallen from the 
although they contain no new elements 
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which are not found upon the earth, have a char- 
acteristic formation. It is by this formation — ' 
though unfortunately I cannot here go into th( 
details of the matter — that w« can know meteori< 
stones even when they do not fall from heav< 
before our eyes. The largest that was actual!]! 
seen falling weighs 715 pounds; it fell in Yia^. 
land on March 12, 1899. But stones that are un- 
questionably meteoric have been found weighing 
a hundred times as much. The fall of such a, 
mass of stone weighing thirty to forty tons 
would suffice to shake the earths surface vio- 
lently over a large area; and it is by no mi 
impossible that, among the earthquakes which 
sensitive instruments often register over largft 
districts, there is one here and there which was 
caused by a meteorite that, unseen and undis- 
covered by us, fell in some unknown region of 
the earth. 

Observation teaches that in the heavens, too»^ 
things occur oftener on a small scale than on s 
large scale. Millions of shooting stars fait every 
night, and almost every day a larger meteoric 
stone falls from the sky, although scarcely one 
hundred is noticed. There is no fact of 
science to contradict the view that it would take 
only a correspondingly long period of time for 
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fa meteorite of the magnitude of a heavenly body 
to dasR against the earth. And so it is easy to 
see that the protective power of the atmosphere 
must have a limit. The smaller bodies coming 
■from space are consumed in the air; those some- 
■what larger are retarded in their excessively 
swift descent and broken info pieces ; but when 
■the intruders become so large that their diam- 
reters measure several miles, the atmospheric re- 
sistance is not powerful enough to check their 
velocity. Just as in the case of a falling cannon 
liall in contrast with a feather. The orb-like 
meteorite crashes with cosmic velocity against 
liie earth's surface ; its energy is so largely trans- 
formed into heat by the shock that much of the 
Jiuge mass of rock melts and fuses with the lava 
streams that gush from the newly formed 
crater out of the earth's interior. At the first 
tnost violent impact much solid matter was at 
once converted into gas, which, by explosive ex- 
pansion in conjunction with volcanic eruptions, 
'Wows up a portion of the fallen mass, flinging it 
1 part perhaps back into space whence it came. 
Other fragments fly down again in great curved 
paths, and, as they scatter around the enormous 
'new crater, the same phenomena are repeated 
on a smaller scale which took place at the first 
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impact, Thus smaller craters are formed rouofl 
about the largest one, and these, tlierefore, M M 
not found distributed in rows like those thatsfl 
formed upon volcanic fissures. I 

Now this very thing which we have ibill 
shown to be theoretically possible has, as we cafl 
plainly see, actually taken place on the moom 
Our satellite was visited with catastrophes mora 
frequently because it lacks the protective coveM 
ing of an atmosphere. Cosmic projectiles reacn 
its surface with undiminished force. They havfl 
driven hollows hundreds of miles in diamet^ 
into the moon's solid crust. We have alreacfl 
discussed the radial clefts, produced under theM 
circumstances, which were immediately filled am 
again either by lava issuing from the interior ofl 
by the molten mass of the projectile itself. MorM 
over we see the moon's larger craters surroundea 
by hundreds of smaller holes, which look exactM 
like hollows made by rain-drops in soft clay aiM 
which, as far as we can tell by observatio^ 
made from the earth, are rounded pits and' ncM 
like the larger central ones, genuine craters hai« 
ing a fiat bottom and a steep wall. In view ofl 
all these facts it seems to me there can be lia 
doubt but that the conformations of the moon's 
' crast described above were produced by the inw 
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,ct of bodies coming from outer space and not 

■ processes at work within the moon's interior, 
hus the consequences of catastrophes involv- 

\ the destruction of an orb are plainly visible 

t the heavenly body nearest our planet. The 

e thing not only may but must happen to the 

rth itself. It is merely a question of time. 

We have thus discovered what it is that causes 
Ich a catastrophic destruction of a heavenly 
»dy as, for example, might break any instant 
per our earth without so much as a few minutes' 
aming. A body seven miles in diameter looks, 
ren at a distance of 3,000 miles, only about a 
lurth as large as the moon and certainly its 
(pearance would not at once frighten us ex- | 
ssively. Yet in less than a minute it could 
live crashed down upon the earth, destroying in < 
le space of a few hours all order there for' hun- 
■eds of thousands of years. We are, therefore, 
tensely interested to know more about these 
eteorites. 

Recalling that shooting stars are fragments of 
anets, we naturally ask whether these balls of 
e that so suddenly flare up in the sky have ' 
lewise some such connection with comets. 
iiey have not. There is no connection whatever 
tween meteorites and comets. During so- 
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called "meteoric" showers actual meteorites are J 
rarely met with. It has often been possible to ' 
compute the path of a meteorite very accurately, 
and never has any correspondence with a J 
cometary orbit been noticed. Moreover, most cdM 
the paths of meteorites have a peculiarity whichi 
proves that these intruders upon our earth cornel 
from far more remote depths of space than the ' 
majority of comets. 

And yet comets, too, come from great dis- 
tances. As our discussion progresses further we 
shall find ourselves deeply interested in learning 
more definitely the whereabouts of these heav- 
enly bodies which emerge for a short time inta 
our view as they fly past us. It is important to 
know something of the origin of these bodies 
which come so menacingly near us. 

We know that the earth is, in round numbers, 
90,000,000 miles distant from the sun and that 
Neptune, the outermost planet, is about thirty 
times as distant. All the planets revolve around 
the sun in fixed orbits and all move in the samfl 
direction. Their orbits are nearly circular and, 
with but slight deviations, they lie in one and 
the same plane, so that the space around the 
sun in which the planets travel may be compared 
in shape to a flat lens. This arrangement of it- 
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is sufficient proof that the sun and the 
planets must have a common origin. The case 
js different with the comets. They come from 
all imag^inable directions and from all conceivable 
distances far beyond Neptune's orbit. Until 
very recently, therefore, the view obtained that 
they did not belong at all to our solar system, 
that they were lost bodies which wandered with- 
jut end or aim through interstellar space; if they 
happened to approach too near a sun they were 
attracted in accordance with the law of gravita- 
tion and so fell toward it. Thus it was supposed 
that very many comets probably flew headlong 
(nto our own sun. It is true that we have never 
ictually seen this happen, but it was demon- ,. 
ttrated matherrtatically that such comets flying 
straight to the sun would scarcely ever be in a ' 
losition where they would be visible from the 
iearth. The fact that most comets fly past the 
Bun and not into it was accounted for by assum- 
ing that before they come within the range of 
^e sun's attraction they usually have already a 
llightly sidewise ntotion through which they are 

with accelerating velocity past the sun 
tvhich then turns them about and flings them 
Kick into space whence they came. However, 
from the velocity with which they fly around the 
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sun one can compute accurately the ori^ 
velocity with which they entered the sphere 
the sen's attraction, and this velocity in t 
the most cases has been found to be exaco 
zero. Comets, therefore, stand still on 
"border of the sun's attraction, whether they a 
on the point of moving toward the sun i 
whether they have just returned from it; lie£ 
they turn about and thus oscillate to and fro 
parabolic orbits or in elongated elliptical i 
during periods which doubtless are to 
counted in many thousands of years. Only 
rare cases is it possible to compute these peric 
even approximately. Comets thus never rea 
leave the solar system, and they must have ''■ 
longed to it from the beginning, even thou 
only very loosely. They are to be regarded 
remnants of the primordial matter out of whi 
the rest of our solar system was formed, 
story of how this probably happened will be t 
by the writer in another volume of this sen 
which will be entitled "The Making of 
World." The end and the beginning of . 
world are two extremes that touch each oil 
The case is different with meteorites. T^ 
orbits often show a considerable initial veloc 
which proves that they have really been hui 
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fom other systems into our own solar system, 
*trange, that these meteoric stones, fragments 
'' which we can actually hold in our hands, 
houM come from those secret depths of the uni- 
VSrse that are far more unfathomable than the 
ccessible sister-planets of our globe, and 
nould bring us from those uttermost depths no : 
10 wn substances. Nothing could furnish 
e convincing' proof of the unity of the uni- 



Since meteorites thus come from outside our 
slar system, we can learn nothing of their 
'hereabouts which might reveal the extent of 
leit menace. We do not know whether there 

a maximum limit to their size and Velocity 
Id we cannot tell whether there is anything 
hich might avail to protect the earth against 

catastrophic collision with such a 6re-ball in 
Ae it assumed the magnitude of a heavenly 
»dy. Besides, as before stated, we have no 
of predicting such catastrophes. 

In the case of comets the outlook is brighter. 
•yen the smaller ones are visible while they are , 
several millions of miles distant from the 

itth. By observing the apparent path of a 

ftnet for but three successive days, its true path ' 

in>ugh space can be easily computed. Thus it 
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■ be (SBfiLlEd ahcic tk cobkI wra be J 
I *fc> faBDviPE weeks aad "■"■■t^»« and i 
f icqM l ly ■ h Uhei k wfl cross ibc earfh's o 
Snce *iMuf«*. fazvc d ^aoe in windi to i 
fntfy, soA a CBJu c i J cu ce is abmt as IScefy as I 
ai«,ft)rczBi^l^aaaaag-a dKnsand boQets sbotl 
L IB all dncctioiis one sboold cat a I 
I rtr et ch ed somewfa ei e witfain range. If I 
I went on year after >~ear, sucb m- 1 
i m^fat be met widi oocastooallT ; and we 
I hare aheath- seen that a few cometarv orbits 
actoatly cross tbe caitb's orbit. Bnt that a col- 
lision sboold take place something stilt more im- 
probable most happen. We should have to 
imagine further in tbe example given above that 
bullets were shot lengthwise of the thread and 
that these would be accidentally hit by the other 
bullets that were being dtschaiged at random. 
So exceedingly small is the chance of a collisioa J 
between the earth and a comet 

To be sure we know that it happened onccfl 
nevertheless. But we must remember, 
other hand, that the comet in question was oni 
of tbe smaller ones such as are far more nui 
ous than those of considerable magnitude whid 
might prove really formidable in case of a colJ 
lision with the nucleus itself. Moreover, Biela'S 
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Comet is one of the so-called periodic comets of 
which there are only eighteen known to us; 
these return reg^ularly to the sun in short periods, 
» that their orbits are closed curves like those 
C the planets, only more elongated, more ellip- 
tical. This particular comet crosses the earth's 
orbit every six and a half years. Of course, 
with so frequent a return the probability of a 
collision is greatly increased. These periodic 
(Comets therefore interest us especially. 

We have proof that these comets have been 
captured by the planets, mostly moreover by the 
smonster planet Jupiter; that is to say they have 
only been in the course of time permanently in- 
corf^orated into the solar system. Originally 
■ came as the other comets do from im- 
measurable distances in parabolic orbits. But 
(lieir path passed lengthwise through the lens- 
shaped region occupied as described above by 
the planetary ort)its. Such comets consequently ' 
remain much longer in the neighborhood of the 
planets than those which cut crosswise through 
the thickness of this lens. The former are ol>- 
viously more dangerous, just because they stay 
ItMiger near us. If such a comet approaches at 
m close to a planet that is moving in the same 
iirectioDj the two bodies will continue near to- 
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r for a ratfaer loog tiice with the resolt^ 

i pbatt diroi^^ the pTDlangcd action oi 

I win tam the cofoet considerably 

i its odginal oonrse. In this way the crrbits 

■ periotfic comets have become etitptical 

at first thought as if thi: 
should be regarded »-ith appreber 
: has the effect of detaining just t 
ms comets permanently in the planelai 
I regton. But on further consideration the i 
ORxtsile is found to be true, for this very d 
cumstance proves to be a protective provisic 
against these dangerous bodies. It has been dis 
covered that when a comet approaches very neaf^ 
to the sun or to a planet, its component masses 
which in any case are held togetlier more or lea 
loosely, become drawn out or are even violentl; 
separated. Now if such a comet is forced, f 
the reason that its orbit has been disturbed t^ 
planet and thus made elliptical, to return fre 
qucntly to the sun, it disintegrates graduallj 
As it breaks up the particles scatter all aloi^ 
its orbit. In this way a monster ring of shocrt 
ing stars, such as we referred to above, 
formed. Tiie comet as a result becomes wholl; 
harmless. We saw, so to speak, before our ^ 
3 how Biela's Comet split into two parts sep 

90 



^^ THE END OF THE WORLD ^i 

B-arated by a constantly widening intervaJ. After- 

■ ward its particles became so scattered that it no 
I longer appeared as a comet but instead was vis- 
I ibJe as a meteoric swarm. Other comets that came 
I especially near to the sun have split up into sev- 
I Eral pieces. Again we see a group of comets trav- 
I rfing at considerable intervals in the same orbit 

so that they must have been produced by the dis- 
' integration of a single comet. Thus about the 

Same thing happens here as when meteorites 
Ldashing through the earth's atmosphere are 
prokeni into pieces. The causal force is different. 
Rut the effect is the same : dangerous intruders 
Bre reduced in size and therefore made less dan- 

■ It is wonderful to see how in the realm of 
Rnanimate nature too one finds these provisions 
Bor the stability of the general system of things 
prhich are so characteristic of the world of or- 
Kanic life. In an earlier work, "Der Untergang 
mer Erde und die kosmiscken Katastrophen," 
■irhich, though it is considerably more detailed in 
fceatment, has practically the same subject mat- 
■er as the present little volume, I tried for the 
Brst time to trace these forces that work for the 
ftreservation of heavenly bodies. 

I Such a captured comet must necessarily re- 
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tum at regular intervals to the same point tt 
space where its course was first disturbed, and 
so ver-- likelv there will be another encounter 
with the same planet that originally captured it 
The new perturbation which thus results is in 
most cases different from the first one and con- 
sequently it gives the comet an entirely nevir 
orbit. At times such an intruder is flung in thLs 
wa^/ completely outside the planetary r^on. Al 
comet that reappeared not so very long ago, ill 
1903, furnishes an instructive illustration. This 
comet is a genuinely typical example of thestf 
cosmic rovers that are always changing their 
form as well as their course. It was discovered 
as Brooks' Comet in 1889. Its appearance — for 
it was split up into a large number of separate 
pieces — showed that it must have met with an 
unlucky adventure some time before. And, in- 
rleed, Chandler was able to prove by mathematical 
computation that three years previously the 
comet had approached so exceedingly near 
Jupiter that it must have shot midway through 
the planet's system of satellites if indeed it did 
not actually collide with the planet itself. Jupiter 
seemed in no way affected by the encounter; it 
did not depart even so much as a hair's breadth 
from its accustomed orbit. The comet on the 
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other hand was not only broken up into pieces, 
but besides its orbit was transformed into one 
having a short period of seven years which it 
has followed since, returning again in iSg6 and 
in 1903. The further discovery was moreover 
made that, before the collision in 1886, the comet 
had an orbit with a period of twenty-seven years 
which did not bring it within range of vision 
for observations from the earth. Now four such 
periods of twenty-seven years make one hundred 
and eight years or as much as nine revolutions 
of Jupiter, which takes about twelve years to re- 
volve around the sun. Consequently one hun- 
dred and eight years before 1886," that is in 1778 
or 1779 (for the calculation is thus much un- 
certain), the comet must have collided with 
Jupiter and so gotten the orbit of twenty-seven 
years. This brings us to another comet that 
; the perplexed astronomers sweat hard as 
1 as one hundred years ago ; Lexell's Comet, 
mely, which was discovered in 1770 and 
I, according to mathematical reckoning, had 
:od of only five and a half years, though it 
5 never seen before or after. Already at that 
calculations showed that Lexell's Comet 
Id have to encounter Jupiter in 1779, the 
me year designated by our computation for the 
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encounter with Brooks' Comet; and that the 
same thing must have occurred two revolutions 
previously (for two revolutions of this comet 
then equaled one revolution of Jupiter), that is, 
in 1767. It is consequently very probable tha 
Brooks' Comet is identical with Lexell's Come 
or is at least a fragment of the latter. Putting" 
all these facts together we arrive at the follow- 
ing conclusion: In 1767 a comet coming from 
an unknown distance passed so near Jupiter that 
the disturbing influence of the planet changed 
the comet's orbit into an ellipse with a period of 
five and a half years which it pursued for but 
two revolutions when it was given a new orbit 
of twenty-seven years, which it completed four 
times, after which in 1886 it was again force 
back into a short-period orbit, oHe of sei 
years, which it has since completed twice. . 
this comet shall have followed its present 
through five revolutions, which are about eqi 
to two revolutions of Jupiter, there will 
fresh encounter, which will throw the ( 
again into a different orbit until at last the 
truder will be hurled wholly outside 
planetary system. 

This interesting example shows how an 
counter between a comet and a planet result 
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rously only for tlie former ; it alone was 
feen np and had its orbit changed. In the 
l^Je for existence among heavenly bodies, 
; superior strength wins out : if a weaker body 
tes against a stronger one, it is shattered and 
g back in fragments into the void. 
If course this holds true only of the larger 
t, But even though at such an encounter 
planet is not affected as a heavenly body in 

way that we .can see from the earth, still 
■does not exclude the possibility that everj'- 
g upon its surface may have fallen in ruins 
lat, from the human point of view, the comet 

nevertheless the cause of the destruction of 
planet. In the case of Jupiter in particular 
can see absolutely nothing of the planet's 
jice. This orb is enveloped by an atmos- 
e that is considerably higher and denser 
i' the earth's atmosphere. We see only the 
(is of its upper air currents. This denser 
jsphere is of course so much the more 
*ive a protection against intruders. Still it 
s as if in the past century toward the end of 
seventies a catastrophe of this sort actually 
ired on this the largest of the earth's sister- 
ets. In the clouds of Jupiter's upper atmos- 

! there appeared a red spot larger than the 
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whole of Europe. In the years immediately fot- i 
lowing it spread and grew brighter, then gradU'fl 
ally faded, though even today it has not wholljB 
disappeared. The spot was drawn out in theU 
direction of the planet's rotation. Indeed all offl 
Jupiter's cloud- format ions are plainly influence^! 
by this swift rotary motion. In the telescop(B 
Jupiter shows distinct parallel bands or zonen 
'marking the cloud-belts formed by its trade^ 
winds. As this monster planet turns swiftly oifl 
its axis, the air lags behind the solid crust to a 
far greater extent than on our earth. Now it 
was observed that the "Great Red Spot" was 
slowly left behind the other visible markings; 
it seemed to be moving in the reverse direction 
over the planet's surface. Taking everything 
into consideration one could not explain tlws 
phenomenon except by assuming that under- 
neath the cloud sheets, which alone are visiUe 
to us, Jupiter has a thin solid crust which broke 
open in the locality of the Great Red Spot, allow- 
ing the fiery lava to flow forth, whereby the 
clouds overhead were lit up with a red glow. 
The outbreak did not occur simultaneously over 
the whole region. We can readily imagine, in 
the light of our knowledge of similar catas- 
trophes upon the earth, that the subsidence of so 
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'STgie an area must have taken place gradually, 

S'en thougli within the space of a few years. 

The magma, which issued forth therewith, was 

forced baclc just like the air only more slowly, 

m the direction opposite to the planet's- rotary 

motion. 

Is the original cause of this geological up- 

— Iieaval upon Jupiter to be ascribed to the impact 

Ipf a foreign body coming from outer space, or 

an the phenomenon' be explained as the effect 

F forces at work in the interior of the planet? 

lie answer to this question is implied in what 

i gone before. In the case of the gigantic 

planet Jupiter, which is certainly still in an early 

: of its evolution, it is far less likely than 

I the case of the earth, that inner tensions 

^*hould accumulate so considerably as to produce 

[jSUch catastrophes. There is scarcely room for 

my other explanation than that a rather large 

tdy crashed down from outer space upon the 

I crust and so caused it to burst open. The 

lava streams issuing from the fissure gradually 

toded the crust in the vicinity so that, for a 

Cnsiderable space of time afterward, the re- 

tection in the clouds overhead became brighter 

kd brighter. However this may be, whether 

: destructive forces came from within the 
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plaaet or from without, in any case we have he 
a catastrophe of the same sort as, we are con- 
strained to believe, broke over the earth toward 
the end of the Tertiary period. If Jupiter were 
already inhabitated by living beings, which is 
not probable, this event would have been fateful 
, for them. 

Jupiter's Great Red Spot may not seem to 
some to be convincing proof that a collision can 
occur between heavenly bodies; if not, we have 
other indisputable proofs in reserve. Very close' 
to the earth there is a small planet which must 
be a fragment of some orb that was shattered 
through such a collision : Eros, namely, which 
was discovered only in 1898 by Witt at .the^ 
Urania Observatory at Berlin. Eros evidently-' 
belonged at one time to the group of minor' 
planets which revolve around the sun in tin 
space between Mars and Jupiter. Through soi 
catastrophe it must have been flung out of tl 
belt so that, in its present elongated elliptii 
orbit, it approaches nearer the earth than 
other planet. Only a small portion of its ortji) 
is now beyond that of Mars. Such, a catasti 
which could thus hurl a body several miles 
diameter many uiiUions of miles out of 
course, might conceivably have taken an unlui 
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turn and caused this body to fly headlong against 
our earth, instead of only into its vicinity, al- 
though evidently the probability of such an oc- 
currence is very small. 
Eros has a peculiar feature wliich proves that 
l&is small planet is really a mere fragment of 
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1 orb. Whereas all norma! heavenly bodies are 
ipherical in shape, it has corners where its dif- 
n"ent faces meet at angles with each other, We 
f this from the fact that it shows regularly 
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alternating fluctuations of brightness, whicf^ 
cannot be explained except on the theory that/ 
while the planet rotates regularly once every 
five hours and seventeen minutes, it turns there- 
with alternately toward us sides reflecting the 
sun*s light with various degrees of intensity. 

It is possible that this catastrophe, which ^lit 
up an orb in the earth's vicinity, occurred not 
very long ago, for else it would be strange that 
we have only recently discovered this planet, 
which is indeed a rather bright object in the 
heavens at its periodic return to its position 
nearest the earth. The body that collided with 
ICros was probably not a comet or a meteorite, 
but another planet. For in the space between 
the orbits of Mars and Jupiter there is a thick 
swarm of tiny planets. Five hundred have al- 
ready been counted and these douibtless consti- 
tute only a small fraction of the total number. 

Already Ifjng ago it was surmised that all 
these small bodies were but the shattered re- 
mains of a larger planet which had met with an 
accident. But there came a time when everv 
c-alastrophic explanation, indeed every explana- 
tion involving any unevenness of development, 
was discountenanced throughout the whole do- 
main of science. Evidently this was an ultra- 
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treme reaction against the previously prevail- 

; theory of "catastrophism," according to 

h every geological age was supposed to have 

1 begun and ended by a cosmic catastrophe 

at a new general act of creation had to fol- 

Today we are convinced that in cosmic 

roltitioT), as in human life, things have not al- 

s gone smoothly, though on the whole there 

i been an orderly development ; and more and 

; we reach the conclusion that such forces 

either partially destructive, or at least 

jsitional and obstructive, are an essentia! ele- 

t in all evolution just as is the struggle for 

We shall see later on how catas- 

rfies arc necessary for the rebirth of heav- 

t bodies; for here just as in organic nature 

r birth is attended with pain and has some- 

f of a catastrophic nature. 

>day therefore we are again much more in- 

Ined to view this swarm of minor planets as 

! product of the shattering of a single orb. 

mong these fragments further collisions occur 

: lead to further disintegration, Fluctua- 

s of brilliancy similar to those of Eros have 

I observed in the case of the other minor 

B also, thus betraying their broken shape. 

1 these instances what we actually see is 

101 



THE END OF THE WORLD 

the effect of the collision of two heavenly tx)^ 
and not the colIisioQ itself. Three jtars ago 
however such a collision of a fearfully violent 
character actually took place before our eye5. 
It was by far the most imposingly magnificent 
phenomenon of the heavens ever witnessed by 
man. As a result of this occurrence a n.ra 
blazed up suddenly on February 21st, 1901, i» 
the constellation of Perseus; or, more accu- 
rately, it was then seen there among the othet 
fixed stars although the nig'ht before it was not 
visible to the naked eye and two days before i 
could not be seen even in the larger telescopes 
For it happened that two days previously thai 
particular region of the heavens had been photo 
graphed at an American observatory, but th« 
plate showed no trace of the star. After iti 
discovery the star increased more and mo 
brightness and the following night it had beccHTii 
the bnghtest star in the heavens with the excep 
tion only of Sirius. After that it faded, at th 
start very fast, then gradu'Slly, But intermit 
tently it flared up again. These outbursts o 
brightness at first recurred regularly within i 
period that evidently signified a rotation of tin 
brighter and darker sides of the star once abou 
every four days. 
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at had happened? Had an orb split open 
fcing its white hot interior to gush forth like 
1 from a wound? Something of tlie sort 
t have happened. But here again if there 
) further evidence at hand we might he 
t as to wiiether the catastrophe was of 
■erior or of exterior origin. In the first place 
e telescope revealed, not as one might expect 
i two stars whose collision caused the catas- 
fophe, but only one star, a single distinct point 
Icithout any measurable diameter like the other 
1 stars. We have however another apparatus 
[which is far more wonderful than the telescope 
and photography, the spectroscope namely which 
reveals not only the chemical make-up of the 
remotest heavenly bodies but even their move- 
ments in the direction toward or away from 
us which thus could not be seen in the best tele- 
scopes. Now in the case of this phenom 
in Perseus the spectroscope showed unquestion- 
ably that the light came fromi two separate 
bodies which were moving through space with 
very different velocities. One of the bodies had 
a normal velocity of about twelve miles a second 
like other fixed stars. For cosmic proportions 
this is not extraordinarily fast. But the other j 
[lody whirled through space with a velocity at J 
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least fifty times as great, that is, at a rate of 
about seven hundred miles a second; in tiiit^* 
five seconds such a body would fly around the 
earth. The two bodies were moving in opposite 
directions ; with such inconceivable might \ 
they crashed against each other. Everything 
must therewith have been ground to dust and 
transformed into luminous gases. 

According to another view the original veloc- 
ity of the impinging body was not so considec 
able. In this case it is supposed that a dead 
non-luminous orb in its course through spao 
penetrated into a swarm of shooting stars or 
cloud of meteors. The smaller bodies were at- 
tracted by the larger intruder and dropped t 
ward it with an accelerating velocity that fin-^ 
ally reached the rate of seven hundred' miles S 
second. At the same time part of the swar 
developed a revolving motion which produce 
the periodic fluctuations of brightness befoF 
mentioned. This interpretation of the occuf 
rence makes it seem scarcely less awful, whM 
one considers that in this case the solid orb wa 
bombarded by millions of millions of 
bodies having a velocity of seven hundred mile 
a second. 

But another strange thing happened to thi 
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star. In the course of a few months it be- 
ne enveloped by a nebula which gradually 
out more and more around it extending 
' and farther into space. This may not 
1 very wonderful in itself after one has real- 
1 the tremendous violence of the collision. 
; nebula was in fact formed by tiie gases into 
1 at least part of the mass of the coUiding 
s was transformed at flie impact. To this 
er was added the fact that the nebula 
around the new star, which had now 
I to a dim speck of light, with a velocity 
i was incomprehensible even according to 
jsmic standards. The reader can convince him- 
I of the reality of all this by studying the ac- 
>an\'ing cuts. They represent two stages 
lebula. in which one can clearly see the 
; of particularly dense spots in the in- 
I^TVal between the representations if one com- 
pares them with the location of the fixed stars 
t'PCar by. The particular region under consider- 
1 Is inclosed in both cuts by a circle. H one 
s the groups of stars within each circle one 
, by making comparisons, realize from the 
i the extent of the movement as it appeared 
_(foin the earth. From this apparent movement 
1 calculate the actual movement in miles 
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per second as soon as one knows the distance c 
B the star. This distance has been found by c 
ful measurement to be so enormous that it takei 
light several centuries to reach the earth from 
tliat star; the occurrence which we observed t 
1901 must therefore have taken place in centt 
ries long gone by. For such distances, it is tru^ 
our measurements bectmie very imperfect, Stil 
we can always iix a miniraimi and say, that tiu 
ster must be at least so and so far away front 
the earth ; it cannot then be any nearer, thougl 
it may be considerably farther away. Thus fron 
the apparent movement of the denser spots i 
the nebula around the new star, we can calcu' 
late the minimum of the actual velocity, whicl 
can only be surpassed by the reality. The aston 
ishing result is thereby obtained that the lumin« 
ous emanations were ejected for months inttj 
space with the actual velocity of light, that i 
at the terrific rate of 200,000 miles per second 
In a short time they filled up a region more thai 
a thousand times as large as that occupied by oui 
entire solar system. 

For a long time the reality of these facts \ 
questioned. They were altogether too far 1 
moved from all experience up to that time. The 
distribution of nebulous matter must indeed havt 
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place three hundred times faster than the 
locity of the impinging body which caused the 
astroplie, a velocity which itself belongs to 
: class of unusual ones even in interstellar 
ice. It was therefore surmised that the distri- 
tion might be only apparent, that the nebula 
1 existed always but had previously been dark 
d only became gradually illumined when the 
T within it blazed up so brightly. Thus at 
is tremendous distance we had seen liglit rays 
:h their velocity of 200,000 miles per second 
ep every day no more than a hair's breadth 
er the nebula. Everything looks smaller from 
distance and so light waves, which actually 
iveled in an instant over inconceivably great 
Itances, seemed almost to stand still. Prob- 
ly nothing else can so impressively make clear 
us the awful immensity of the universe that 
s within our vision, as this slow extension! of 
; light over the new nebula in the constella- 
in of Perseus. 

Now there can be no doubt but that the veloc- 
of this extension was actually that of light, 
he theory stated in the preceeding paragraph 
ts however been seriously called into questicm, 
he manner of the distribution of luminosity in 
c direction at right angles to the line of visioa 
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led to grave doubts. Moreover particular spot 
of light could be seen all too clearly moving 
farther and farther away even in a distinctly 
spiral-formed path. In spite of theoretical dif- 
ficulties the conclusion could not be avoided that, 
as a consequence of the inconceivably violent 
collision, actual matter must have been hurled 
into space from the centre of impact with the 
velocity of light 

A recent discovery in an entirely different 1 
field has moreover thrown light upon that phase J 
of this catastrophe which had thus far bafSe^fl 
scientific explanation ; it must be admitted thougl 
that we are here summoning a phenoraenoi 
which is itself an unsolved problem to clear i 
another difificulty. It is possible that the i 
radiations of radium play a part here. Accord 
ing to the latest results of scientific investij 
tion atoms of radium are minute worlds which 
like the new star in Perseus, are undergoinj 
disintegration. It has been demonstrated tha 
from every atom of radium tiny particles callet 
ions emanate with the velocity of light and tnaki 
everything in their vicinity that they strike Imil 
inous. They thus spread about themselves ; 
luminous cloud exactly like the puzzling nebull 
of the new star. These ions, also called dec 
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trons because of their electric nature, are about 
two thousand times smaller than the smallest 
chemical atom, that of water. Thereby the 
fact, which was surmised long ago, is demon- 
strated, that chemical atoms do not deserve their 
name of being the ultimate indivisible units of 
matter. Like the molecules into which they 
combine, atoms are organizations of minute size, 
in which the constituent particles move about 
in orderly systems just as the heavenly bodies 
do in space. In my larger work, "Die Nalur- 
kraftc, ein Weltbild dcr physikalischen itnd cke- 
mtitischen Erscheinungen" (Leipsic, 1903), I have 
teried to give a popularly intelligible account of 
Hihe principal points in these interesting relatiKMia 
^■nd parallelisms between atoms and heavenly 
^Bodies. Now it seems that radium is an atom 
^m which the movements of the constituent elec- , 
Aprons have for some reason fallen into disorder, 
H^ that these tiny orbs constantly strike against 
Btme another, with the result that many are 
BBirowti entirely outside the atomic system. The 
^radium atom is evidently in process of disinte- 
■gration; its emanations signify the ruin of a 
fcninute world in the lowest stage of the organi- 
Bjation of matter. Into this microcosmic world 
Ktbe human eye cannot penetrate; it discloses its 
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monden only to Oie prring imeQeci- The rad- 
ium atom a one of &e lai^cst atcms knovni to 
OS. It must be composed of a half nnUkm dec- 
trons or alriinate mats of matter; each atom n 
tJnxi a mimite galaxy in wlHch the swanniiig 
nuts, represented by the ekctrons, jostle one 
another. In this connection it is intcrcsdn^ to 
notice that it is siirnlarlr in the neighborbood of 
the Milky Way tliat roost of the collisions be- 
tween heavenly orbs occur which give rise to 
those "new stars" amtmg which the one that 
blazed up in the constellatioa of Perseus is the 
largest and the most wonderful since the ap- 
pearance of Tycho's Star in 1572. It may be 
that the radium atom has dCTcloped under dif- 
ferent circumstances to such a size tliat it cannot 
persist under the normal conditions that obtain 
on the earth's surface and therefore must resolve 
itself at least partially into its original units, 
ions or electrons. Atoms are therefore not 
changeable. Indeed we have' thus far been 
:iblc to point out anything that does not sui 
jhange. Atoms, too, probably have to p; 
through a development from formation b3 d 
like every other organization of matter, 
liave their beginning and end. 
Radium is one of the rarest elements k 
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trio US. It is found in small quantities combined 
I with other rare and likewise heavy elements as, 
Ifor instance, uranium. The heaviest substances 
■■tend to sink deepest and on this account alone 
(■we might reasonably conjecture that in the deep- 
est part of the earth's interior, farther down than 
we have ever penetrated, radium may perhaps 
occur in larger quantities. And indeed many 
, considerations support tliis conjecture. For 
' example it has been observed that the air in 
[ mines is exceptionally full of the himinous sub- 
I stance which emanates from radium, or rather, 
into which radium disintegrates. It seems natural 
to suppose that irradiations of radium constantly 
ascend from deep within the earth's interior and, 
because of the extraordinary lightness of this 
I product of atomic disintegration, scatter at once 
scaping finally beyond the earth's atmosphere 
into outer space. According to the latest in- 
stigations made by Ramsay, radium gradually 
ittecomposes into helium, the second lightest 
Bown element, which is likewise rarely met 
rith on the earth' and this for the reason that its 
ktoms are too light to be effectively held fast by 
Pie earth's attraction. The fact that helium is 
tranently present in our atmosphere; even 
mgh in but small quantities, proves that the 
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supply must somehow be replenished. The con- 
ditions thai obtain on the sun are very different 
the sun's attraction is considerably stronger than 
the earth's, and so its upper atmosphere is made 
up almost entirely of helium which received its. 
name from this circumstance. It was discov-, 
ered there long before any traces of it had beeni 
found on our globe, through a line in the stdat 
spectrum which was different from the spectra 
of all terrestrial elemarts. The sun's helium at- 
mosphere confirms the conjecture that the in- 
terior of heavenly bodies contains larger quan- 
tities of radium, which perhaps can be fonnei 
from ions only under the tremendous pressure 
that prevails there, and which, as it rises and i 
liberated from that pressure, decomposes again. 

When, therefore, two heavenly bodies raeetingf 
in violent collision are so shattered that theif 
inner masses fly into space, the radium, whicli 
was before concealed deep within, must begin ab 
once to send forth its wonderful irradiations, 
the same way in which radium acts in our scien- 
tific laboratories where we can observe it closed 

hand. Therewith the material of tliese orbs is 
decomposed into the original sub-atoms, the ! 
called ions or electrons, which scatter into spac^ 
with the velocity of light. A new nebula come'j 
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^to existence before our eyes made up of the 

' smallest and simplest units of matter hav- 

no connection whatever with one another. 

rimordial conditions are thus reinstated. A 

•aveniy body has undergone a destruction of 

s most radical kind. All system and order has 

I destroyed even down to atomic organiza- 

And we 'ourselves witnessed such a dis- ■ 

felution when the new star blazed up in the con- 

tellation of Perseus. Here we have then a defi- 

e answer to the question under consideration : 

I destruction of a heavenly body possible and 

f can cause it? Stars may crash together 

h such violence that, in the resulting ruin, 

even the smallest stone in the imposing 

■ucture remains standing upon another. Even 

: atomic systems are resolved into separate 

All this takes place unexpectedly within 

: space of a few hours. The thought of the 

tddenness of such a catastrophe makes one 

Budder, yet this very circumstance would prove 

g, should such a calamity ever visit an 

) which, like the earth, is inhabited by living 

lugs. 

w of these facts it becomes a burning 
Question for us, whether our earth could be 
istted with a similar catastrophe. Evidently a 
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heavenly body can be completely destroyed only 
by a collision with a body of like magnitude. 
The masses and velocities of the colliding bodies 
have to be tremendous. Now as far as we know 
the only bodies of like magnitude -with the eartU 
are the other planets which follow, at a distana 
of millions of miles from us. fixed orbits 
which they can never come into contact witti 
each other. The nearest star, moreover, situated 
in the southern portion of the constellation i 
Ccntaurus, is so enormously distant that it takes 
light four and a half years to reach us frcMii i 
The stars are surrounded by immense regions ol 
empty space in which they can develop undis- 
turbed. There is therefore no reason for ap 
prehending a destruction of the earth in the neai 
future through a collision with any known 
heavenly body. But there are doubtless manj 
dark orbs in space which must remain forevei 
invisible to us. Meteorites offer tangible prool 
of their existence. Thus we see how our inquirji 
regarding the possibility of a destruction of th^ 
earth always leads us into the domain of the un- 
known. 

It would be impossible however for bodies ol 
any considerable magnitude, even if they we« 
totally dark, to come near to the earth withoq 
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wing noticed. They would betray their presence 
Ihrough their power of attraction; just as 
Leverrier discovered Neptune, in the forties of 
Jie past century, merely through the influence of 
) gravitation upon Uranus, so an approaching 
jrb could be located by mathematical calculation 
irbile still at a considerable distance. Af present 
there is not the slightest evidence of anything 
of the sort ; so for the time being at least we 
'need not feel uneasy. 

But how will matters stand in the future, after 
thousands or even millions of years have passed 
l>y? All suns, including our own with its train 
of planets, move forward in space, and that in a 
straight line, as far as we can tell from observa- 
tions covering so short a period. The bright star 
Vega, which is one of those nearest the earth, 
ivouki reach our planet in fifty thousand years, 
\f its present known movement were directed 
straight toward us. In reality however this is 
not the case. The great system of the Milky 
Way clearly reveals a unified organization, as 
'we shall see in another volume of this series in 
discussing the origin of heavenly bodies ; and it 
. scarcely be doubted that the suns of the 
Milky Way move in orbits similar to those of 
;he planets, so that collisions are impossible as 
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long as the general order remains aadistnrfaed,' 
It is tbereiore not easy £or the Stan to destroy 
one aootber. 

StiQ tbe appcaraocE of new stars shows tbat | 
such colli^ons occur oerertbeless. Moreonrcr 1 
diese occurreaces are not so me as was forrj 
merly beliei'ed. Ever since we sncceedied in scaoH 
ning the heavens more narrowly by means 4^| 
photography we notice, far more frequently th^H 
use to be the case, new specks of lig^ht appexPV 
ing among the teeming numbers of stars. Tbese-J 
new stars occur most abundantly where the stark J 
seem to be thickest Of course one must nod 
forget that millions of stars continue unchangefl 
and that therefore, even if ever)' year (Mie ne^fl 
star blazes up among a millioD old ones, anjj 
one star in the million suffers such a vicissitudS 
but once in a million years. Still the thing doeS 
happen as observation shows. Moreover thtfl 
circumstance that new stars occur oftenest tn'.-l 
those regions of space where the stars are^S 
packed thickest, proves that we are dealing herffl 
with actual collisions and not with outbreakifl 
caused by inner tensions which could not bav<9 
ly connection with the clustering of the star&l 
Now our own sun, too, belongs to the systedjl 
of the Milky Way, which in fact includes, aftM 
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brding to the latest views, all stars visible to 
.tis ; but it is situated in the comparatively empty 
lenter of this monster spiral of swarming suns, 
t looks as if the order, under the protection of 
fhich our planet took form_ and developed, were 
fistined to continue undisturbed forever. 
' It is impossible though that anything which 
i had a beginning should actually last for- 
Ver, Even though our solar system may persist 
Or untold millions of years, sometime it too 
aust grow old and die. After that it too will 
L rebirth, for in nature there is no etem.il 
tagnation. But how in the normal course of 

ings will the earth and the solar system come 
an end? 

We know that the earth's surface was once 
onsiderably hotter than at present. The cooling 

' of the crust is a normal process which is 
Oing' on upon all heavenly bodies having a high 

mperature, for the reason that they hang in 
old space where a temperature of four hundred 
figrees Fahrenheit below zero prevails. On the 
Jier hand we have seen that, in the case of 
teavenly bodies which, like our sun, have a low 
tensity and arc therefore still susceptible of con- 
iderable compression, the pressure of their own 
> can generate more heat than they radiate 
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into space, so that they become hotter and hotter. 
But this process cannot go on forever. As the 
orb becwmes denser, in consequence of the action 
of its own gravitation, its capacity for further 
compression is diminished and consequently al- 
ways more heat is radiated in excess of what is 
generated until at last, after the maximum 
density has been attained, generation of heat 
ceases and only radiation continues. Unless 
contrary influences intervene all heavenly bodies 
must, in the course of time, cool off to the tem- 
perature of space and naturally this happens first 
on the surface, which is the part inhabited by 
living creatures. The moon has already nearly 
iched this stage. The average temperature of" 
its crust is known to be about 120 degrees 
Fahrenheit below zero, whereas that of the 
earth's crust averages about 60 degrees above 
zero. The moon has therefore cooled off about 
180 degrees more than the earth. It is true that 
the moon is not protected against the icy cold of 
space by an enveloping atmosphere without' 
which our earth too would be considerably 
colder. But on the other hand the moon's sur- 
face is directly exposed to the burning rays of 
the sun, which shines on the moon uninter- 
ruptedly for fourteen days, so that the tempera- 
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ire at the lunar noon may perhaps rise above 
I freezing point and it is possible tbat a scanty 
fe may then develop in isolated low-lying 
laces where some air may be left. In recent 
ars several investigators in this field have 
laimed that they saw traces of it. However 
lis may be the moon is unquestionably a world 
t has succumbed largely, if not entirely, to the 
asion of the icy coldness of space. The moon 
1 account of its smaller size had to radiate its 
faster than the earth and a shorter life- 
»an was therefore allotted to it. Still there can 
; no doubt that the earth will die a similar 
eath unless some catastrophe intervenes. We 
; with astonishment how nature seems to be 
reparing for this event, for instance, by inter- 
lersing ice ages in the last geological period as 
' to bring about in the world of living tilings, 
! far as possible, a better adaptation to the in- 
Korable encroachments of the icy coldness of i 
uter space. Indeed it has been demonstrated ;! 
. late years, since we have learned to create /j 
rtificially temperatures as low as 420 degrees "^ 
elow zero, that cold of itself does not destroy *a 
le life of germs or of micro-organisms. Even J 
sough, with increasing coldness, the manifesta- j 
ons of life are limited within ever narrower 'j 

119 



THE END OF THE WORLD 

confines, still vitality itself is not lost. Cold can- ' 
not entirely destroy organic life on an orb, 
though it can restrict the play of vital activities 
and finally even make these dormant There ] 
can be no doubt that the terrible coldness of icy I 
space will some time enwrap the earth and all 
other heavenly bodies, provided they di 
come to a premature end through 
catastrophe. In the terrific ice ages that wil 
come and go, whole races of living creatures wfi 
perish one after another; the human r 
possibly even more perfect beings -which nis( 
follow man in the scale of evolution, will ' 
forever wiped off the fai;e of our planet. Sti 
a complete destruction of the earth, in whic 
all organization would he dissolved, like wha 
took place when the new star broke out in th 
constellation of Perseus, can never be caused I 
oold alone. On the contrary cold preserves th 
simpler organisms perfectly. In the end th 
whole earth, or whatever heavenly body it hap 
pens to be, becomes as it were a single monste 
seed that lies over winter in the cold groim 
awaiting germination with the return of sprint 
But before this state is reached, Ufe with It 
infinite resourcefulness will have found an abu4 
dance of ways for winning new domain fror 

120 



E END OF THE WORLD r*! 

■udging nature. Precisely this struggle with 
e monstrosities of nature has permitted the 
levelopment of the human mind which has 
iamed more and more how to subdue these hos- 
ile forces and to compel them to enter into the 
ervice of life. From early- tim«s the human 
ace was able to live in countries where the tem- 
perature in winter is not much above the aver- 
jge temperature of the dead moon. Moreover 
: is conceivable that the development of life" 
leed not depend always, as it does under present 
nperature conditions, on the existence of water 
! its three states and of air having the com- 
lOsition of our present atmosphere. It may be 
hat, with an average temperature considerably 
iigher or lower than at present, quite different 
hemical elements might develop a similar mu- 
Ual interaction adequate for the development of 
1 the earth. A world of entirely different 
[ring creatures would be the consequence. We 
leed not pursue this speculation further., Suf- 
ice it to say tliat in any case the germs of life 
; preserved during a gradual lowering of the 
emperature to the lowest conceivable tempera- 
ire, namely that of 470 degrees Fahrenheit be- 
)w zero. Therefore we can say with complete 
criainty, not merely with considerable proba- 
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bility as we did ra for^;x>ing discussions, that tl 
earth cannot be totally destroyed as a result oi 
the normal process of the cooling off of its mass» 

But what happens afterward? What brings 
the return of spring when all the orbs- round 
about hang in the icy-cold heavens frozen, rigid; 
inert? Is not this equivalent to an eternal death.1 
The sun too must finally grow colder and coldeC 
Where shall we look for a new source of ligfa 
and warmth without which living things c 
not develop? 

Nature has numberless remedies. In the e 
of the smaller orbs, the moons which revolv 
around the planets, meteorites seem to play ; 
important part in replenishing the heat cm ti 
surface; this is notably true of our own i 
In the course of time, as a heavenly body gronfl 
older and consequently colder, cheeiical, as wel 
as vital, processes use up its atmosphere so thai 
as we have already seen, meteorites can penetrafi 
to the surface much more easily. If for instanci 
a rather large meteorite should drop upon du 
moon's surface, we know that the blow woull 
fracture the crust in the vicinity' and reduce it tj 
a red hot fluid. Now the moon's frigid crus 
is probably stored with germs of life left ovel 
from an earlier age, when organic life flourished 
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I it. In the immediate neighborhood of the 
pipact every germ of life it is true would be 
nihilated, for heat, unlike cold, when exces- 
feve, dissolves all organization even that of 
But on the other hand the fiery magma 
Irould spread over the surface melting the ice 
xm it and forming gases that would replenish 
fce atmosphere where it had long since been 
ihausted; in short all the conditions for the 
lirowth of organic forms would he reinstated 80 
^at the germs which still remained alive could 
Bevelop. This explains why certain changes of 
tolor on the moon, which are thought to be due 
) a vegetation that grows up at the lunar mid- 
by, have been observed only in the basins of 
Kraters ; for these depressions mark the spots 
Inhere meteorites once fell and where the great- 
est amount of the heat then produced is still left. 
tesides water can collect easiest in these crater 
fcoles. Thus the fall of a meteorite which is so 
tauch feared as the possible cause of the destruc- 
1 of an orb becomes for a dying world the 
ffieans of renewed life. And it is wonderful to 
\ee how nature has arranged that dying orbs, 
which benefit by the falhng of meteorites, are 
lasily accessible to them, whereas heavenly bod- 
faes, which are still in the full bloom of life and 
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r of our soar Sf JtL^ b^ 
I ibr flBoj' tho^mls of ■ 



, as kmg as these laws mnstn nS 
ign masses of gnat magndude ntai 
POTT tytitm irocn wdnoat. 

Space, howenr, is Dot aoftj. It is filled wit 

, meteoritci, awanns of shootiDg stars and adM 

, loiu mMta; aod these must offer re^stance I 

the movements of heavenly bodies. The monsti 

. clock-work of the heavens, for all its seennii 

' ever U> tin gness, becomes gradually dogged wit 

duft too, an'I the necessary consequence of th 

IB, tliat the heavenly borlies slowly but steadil 

' move closer together. The moons must ■ 

■tantly come nearer to their planets, and these t 

■ respective suns; and ultimately even tin 
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US must move closer together. The ccmiplex 

heavenly bodies, constituting the great stellar 

■stems, behaves exactly like a single orb which 

indeed, in its atoms and molecules, likewise a 

implicated system, a galaxy, as it were, of tiny 

:bs moving according to fixed laws at definite 

istances from one another. The universal tend- 

tcy of masses is to become more and more cora- 

'essed in the course of time. 

The decrease in the amount of heat radiated 

f the sun is thus offset by the greater nearness 

the planets. The same thing is true of a 

let and its moons. When the smaller bodies 

tve cooled off enough to sustain life, the sur- 

,ce of the planet is still burning hot. To a 

;rtain extent this condition obtains at present 

, the case of' Jupiter and its moons. 

Nature has made another simply wonderful 

ffovision whereby a secondary orb uses to the 

lest possible advantage the diminishing supply o£ 

leat radiated by its primary. After the moons 

.ve moved considerably closer to their planets, 

K the planets to their sun, the larger body begins 

I influence the smaller secondary one in such 

way that its rotation upon its axis is gradually 

;tarded until at last this occupies as much time 

I the revolution around the primary orb. When 
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this state is reached, the secondary orb always 
keeps the same side turned toward its primary, 
just as our moon does today and probably the 
moons of the other planets too. As long as the 
primary radiates a considerable amount of heatf 
the secondary orb rotates very swiftly upcm iU^ 
axis so that every part of its surface is expose^ 
for only a short time to the burning rays, lest aQ 
life upon it should be destroyed by the excessive 
heat. But in proportion as the radiation of heal 
diminishes, the secondary body exposes its suji 
face for a longer and longer period at a time b| 
the rays of the primary ; its day becomes increa^; 
ii^iy long until finally it turns always one aai 
the same side to the central source of warmth, sq 
that at least half of its surface may absorb an 
amount of heat sufficient for the development d 
life before all living things must perish witll 
cold. In the case of the two planets nearest 
the sun. Mercury and Venus, this state has, it if 
supposed, been reached already; though of laW 
the correctness of the observations, on which thfti 
supposition is based, has been called into queSr 
tion. 

The force which draws heavenly bodies alwayC 
closer together will in the end cause the moonif 
to drop upon their planets and these again 
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fiieir respective suns. The moons will first unite 

frith the planets because the distance they have 

I cover is shorter. All the planets with thi; 

ixception of the earth and of Neptune, which is 

Jie planet farthest from the sun, have more than 

I, if they have any at all. Mars has two 

latellites, Jupiter five, Saturn eight, and Uranus 

It can scarcely be doubted that Neptune 

) has several moons, which are invisible to us 

account of their great distance from the 

tarth. Now when a moon drops upon its planet, 

(he consequence, unless the moon is exceedingly 

, is a catastrophe which, humanly speaking, 

rounts to a destruction of the larger tody. 

^ch planet has to undergo as many such cata- 

^ysms as it has moons. One such visitatioHi is 

herefore inevitable for the earth. 

However this catastrophe will not break over 

! until the way has to some extent been pre- 

bared for it. Preparations against its coming 

ire made by nature a long time in advance in 

Iprder to mitigate as far as possible its dcstruc- 

fiveness. The nearer the moon comes to the ■ 

Iplanet, the smaller its orbit becomes and the i 

ister the velocity of its revolution. Then, if the 

I is not too small, the same thing happens 

B when a comet approaching too close to the sun 
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t> aptit up through the confiictmg attTactioo of 
tbe nearer and farther parts. However solid dw 
o*b may be, it gradually breaks up into pieces, 
a altering its debris along its entire orbit in the 
wmc way that a comet does when it gradually 
^Dfms into a monster ring of shooting stars. 

Taking all things into consideration, one can 
scarcely doubt that the rings of Saturn represent 
the product of the disintegrating action of gravi- 
tation upon a number of the planet's moons. It 
has been demonstrated that these rings are com- 
posed of tiny separate particles each having a 
independent movement of its ovra. The innermoit 
of the rings is semi-transparent. This ' 
ring," as it is called, is probably made up of pa« 
tides of matter which originally belonged to tl 
luminous outer rings but whicli lost part of thd 
centrifugal force in collisions and are therefor 
now dropping in a spiral path upon Saturn a 
meteors of a special kind, which probably do tU 
injure the planet any, since it is protected by ; 
very dense atmosphere. It is quite possible t 
in the course of time the material of the ( 
rinp will gradually unite with the planet in t 
way without producing any kind of a i 
trophe. 

When, however, the moon in question is i 
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^Hnall, it is subject, if at all, only in an 

^Ksignificant degree to this disinte^ating 'ac- 
^Bon o£ gravitation, which is comparable to the 
^^^ect of the moon's attraction by which ebb and 
^Bood tide are produced. Smaller moons can 
^Bierefofe fall as siich upon their planets. And 
^Bich a moon may yet be large enough, not merely 
^B> destroy all life upon the planet, but even to 
^^eat the planet to lively incandescence so that 
^n distant worlds it appears to blaze up suddenly 
wKs a new star that fades away only after many 
Rnonths or even years. But long after it has 
Bctopped radiating light, the planet continues to 
Whc a source of warmth for its other moons. Thus 
Htiie destruction of the one moon was the means 
H^ preserving the vitality of the others. It was 
^Bot in vain that the one orb was sacrificed. So 
^BO the sun must devour its own offspring, the 
^Banets, one after another in order to preserve 
^ne survivors as long as possible. 
^B Now a multitude of circumstances argues that 
^Bie earth once had another smaller moon which 
^■Topped upon it and thus caused all those up- 
^■eavals that took place in the Tertiary period, 
^Khen the great rupture along the Andes and the 
^■ibsequent subsidence of the ocean floor of the 
^Kacific occurred, the earth's axis was defiected, 
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file after-effects of «-hicti are noticeable in earth- 

trcmbiii^ cren to this day, siid SnaHv, as 

a. consequence of all this, the ice-sheets of 

the glacial age spread tbe silence of a . death- 

I like sle^ £ar and wide over tbe earth. Juik- 

ter has at present such a small moon that 

u^ffi7 dose to the planet; some day, though 

^^^■te it will be millions of years hence, 

^^^^poon must crash down apon Jupiter. Some- 

^HP in the ftiture, astronomers will be able 

I to foreteU tbe exact date and the generations of 

' tbe haman race then living upon the earth will 

witness on a neighboring world a catastrophe 

this sort, which was to be foreseen and which i 

destined to produce a geolt^cal upheaval then 

But this moon too will not under any condition 

be able to destroy all life upon a planet like Jupi 

ter, just as the earth's hypothetic raoon coul 

not. It could do no more than interpose a Ion 

rest in the rh}thmic movement of the earth' 

evolution and indeed it looks as if, as we sa' 

before, the absorption of a moon into its plant 

could never cause a cataclysm of a very radic 

kind, or at any rate could do so only in excep 

tional cases since, whenever the size of a secon< 

ary orb relative to its primary exceeds a certafi 

limit, the sateilite is first broken up and tran! 
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med into a ring'. It will thus be impossible 
6r our present moon to fall as such upon the 
ktth. If it could, it would certainly generate 
liereby such excessive heat that all life upon the 
irface would be annihilated ; and aside 
p-om this the shock of the impact would itself 
feduce everything to ruins. But long before the 
Boon will finally reunite with the earth, it will 
tve disintegrated into a ring encircling our 
lanet, thus giving the sky, as it will be seen by 
Biture inhabitants of the earth, a most peculiar 
topearance. Such wonderful changes the sky 
^e!f must undergo in the course of geological 
fees, though, to us ephemeral creatures of a day 
I the everlasting process of cosmical evolution, 
I seems so unalterable. Already today the moon 
pows the beginning of such a transformation, 
t is elongated in the direction toward the earth 
3 that it has an approximately egg-shaped form. 
Tie earth holds it firmly along this longer axis 
rso that it oscillates only a very little to and fro 
jout the line of direction toward the earth, 
5 the moon comes closer to the earth this elon- 
fation must be constantly increased until finally 
laterial like dust, sand and rocks begins to 
•sk off at the pointed end, scattering gradually 
mg the entire orbit. Thus we see how in this 
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stage of cosmical evolution too nature works fo| 
the preservation of existing heavenly bodid 
whenever this is at all possible. 

The same interplay must take place betwet 
the sun and the planets. One after another the 
planets will have to reunite with the sun. And 
whether a planet drops all at once, or whetha 
it is first transformed into a ring and the! 
falls piecemeal very gradually, the result will 
be essentially the same : in far-off future age 
the sun's diminishing supply of life-givinj 
heat will be replenished, in the one case suddenlj 
therewith causing the sun to flare up brightly a 
ajiew star, in the other slowly in gradual addi- 
tions. 

Still some time the last planet will havi 
dropped upon the sun and the last particle ol 
heat thereby generated will have been radiatec 
into space. All the material which upbuilt th( 
splendid sun and its train of planets, with aX 
their richly varied life, will have become a singjj 
monstrous mass, cold, dark, inert, rolling 
through the empty void of space without endj 
without aim. This is the last, the very last, en^ 
of the solar system. Is there anything that coult 
ever again awaken it to new life after its life- 
giving heat lias been thus completely spent? 
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I All bodies move restlessly through space. 
Kfaere is no star in the heavens that stands still. 
■Whatever else may befall it, it moves on and 
k, Even after it is dead and burnt-out it con- 
■niies on its way. The terrific force that impells 
ft survives through all the catastrophes which 
■ undergoes. But the deaii orb cannot trans- 
■Mtn this energy of motion into vital power for 
■self, since only a difference of motion can set 
K> a movement to and fro among the rigid par- 
Bcles of which the cold bumt-out sun is com- 
Hosed, But by virtue of inertia, the universal 
property of matter, every change of motion re- 
■uires the action of a resisting force. And this 
Ibrce is lacking as long as no body from without 
Bets on that dead mass. 

I Now we know what inconceivaoiy great inter- 
vals of space separate the stars at least in that 
portion of the Milky Way in which our sun (it- 
Belf of course also a star) is situated. Thoti- 
Bands of millions of years will certainly have 
po elapse before any two such stars can move 
po close together that their mutual attraction 
■vill cause movements to and fro among the com- 
fconent particles of their masses. Still finally 
piis will come to pass. If the two stars do not 
BBSS very close by each other in their course, they 
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will merely disturb a little each other's ortrf 
and then move apart forever, The occurrence 1 
then signifies nothing but an episode in the I 
history of each orb. The case is different if tl 
two suns come so close together that one of tl 
enters within the sphere of attraction of thfe 
other's planetary system. In this case it ma 
happen that the larger of the two suns will fon 
the smaller to become its vassal, just as our si 
with the aid of its planets, captures comets. 1 
result is a double star system in which the c 
orb revolves arotmd the other in an elongate 
elliptical orbit; for similar reasons the orbits c 
periodic comets are likewise generally muc 
elongated. Such double stars are numerous i 
the heavens, and all have this characteristi 
feature of elongated elliptical orbits, whic 
shows that the two stars are associated loosel; 
not bound one to the other like Jupiter is to tl 

Many of these binaries, as these pairs of sta 
are also called, lie exceedingly near each othet 
and indeed there are a vast number of instance 
where a binary looks like a single star even i 
the best telescopes, while in the spectroscope i 
is separated into its two components which i 
volve, usually very swiftly, in close proximilj 
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I around each other. Then again there are orhii 
. which, like the famous star Algol in the constel- 
lation of Perseus, increase and diminish ii 
brightness with such precise periodicity that thJi 
can only be explained by the assumption that J 
dark orb revolves around a self-luminous oiK 
thereby partially obscuring its light for us, as oia 
own moon does during eclipses of the sun. Morf 
over the facts of the case argue that the diffei ^ 
ence in magnitude between the two bodies musi 
be small and ihat the pair must be so exceeding!] 
close together that they almost touch each otherj 
Here then there are two suns — one dark, burnt 
out, the other luminous, wrestling with 
other in deadly conflict. Two bodies of nearlj 
equal magnitude came too close together and ii 
the ensuing struggle, being too equally matched, 
both must succumb, to form however, out oi 
their fusion a new world. The collision is im- 
avoidabJe, And it is possible that one of the 
stars is encircled by a ring, formed by the disin- 
tegration of its planets, in which the other star 
may be caught, thus precipitating the final catas- 
trophe. 

This fusion signifies the end of two worlds 
and the beginning of a new larger one. What- 
ever latent germs of life may have been pre- 
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serred upoa either of the two stars, are 
destroyed and, if th^ interpretation given 
of the phenomena attending the appearance 
the new star in the constellation of Perseus 
correct, then even all chemical combinations, 
atoms, will be resolved into the ultimate indivisi- 
ble units of matter, the electrcms. With the 
greatest possible velocit>-, that of light, these 
electrons fly into space, having regained th^ 
maximum living energy with which they afft^ 
about to upbuild the new world, as indeed, otA 
of this Uving energy alone, they must have 
built the old ones. Herewith the last chaptc 
in the story of the End of the IVorld reaches il 
(^inclusion; for at this point begins the story c 
the Making of the World which will be told in 
subsequent volume of this series. 

But I cannot resist adding one more thougfi 
even though it is of the nature of an hypothesi 
as yet unverified. Doubtless an enormous 5tret( 
of time, even when measured by cosmical stani 
ards, intervenes before a burnt-out sun that hi 
cooled off at least on its crust to the temperatur 
of space meets another heavenly body of lili 
magnitude so that it can be made over into 
new world in the manner indicated. It is qui! 
probable, in view of what we have learned thu 
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far about the matters in question, that this-Ion^ 
interval of perhaps thousands of raiUions of 
years, during which a burnt-out orb, subserving 
!Qo constructive purpose of nature, travels, a 
rigid and inert mass, through the dark void of 
space, is utilized to prepare the dead mass in- 
wardly for the new era of development that lies 
before it, somewhat as, in the axil of the falling 
leaf, the new hud forms that it may be in readi- 
ness to unfold when, after the long winter, spring 
returns. We know that a terrific heat may pre- 
irail in the interior of a heavenly body long after 
its crust has become hard as rock. Even after 
its surface has cooled to the lowest possible tem- 
perature, the interior may consist of hot gases 
of course in a state of enormous compression. 

I proportion as such an orb contracts through 1 
cold and through the pressure of its own mass, j 
Uie conditions under which radium can be formed 
are more and more realized; for it seems that 
stoms of radium can be developed and preserved 
only under the enormous pressure that prevails 

1 the innermost interior of a heavenly body. It 
is therefore quite possible that the long interval 
between the death and rebirth of a star is util- 
ized to develop in the interior of the orb radium 

tnd similar substances the smallest particles of 
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wtiich, when liberated, disintegrate into the nHt- 
mate units of matter, the electrons. In the inte- 
rior of an orb that is, so to speak. lying rkinnant 
over winter, there is formed a seed capsule whi 
is destined to burst open, throi^h the vi<^ent c 
lision of two heavenly bodies, thus scattei 
abroad the seed of a new world, the electrons. 

This brings us back to our starting^-pmnt 
where we compared heavenly bodies viith livio 
organisms. We saw that they too undergo dev< 
opment, that they are bom, grow up and produC 
seed and die. that, in the struggle for existent 
from which they too are not exempted, they c 
with mishaps and may even succumb to a violet 
death, but that still through all nature cares f 
them with motherly forethought and makes ' 
thousand provisions to ward off as far as 
such disasters. We saw further, with especi 
reference to the conditions that obtain on i 
own planet, that, apart from outside influence 
all the circumstances in the normal evolution ( 
a heavenly body point to a safe growth to ni 
turity, even though this development may be ii 
terrupted by many a catastrophe which the c 
flict of the diverse creative forces of natut 
makes inevitable. To be sure disturbing infli 
encea from without will always interfere moi 
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or less with this peaceful development because 
the earth, like every other heavenly body, is not 
a separate thipg shut off from the rest of the uni- 
verse ; but on the other hand we have seen that 
such influences, in so far as they are produced 
by kno-uni bodies, cannot cause tlie destruction of 
an orb like the earth. And it would surely be 
.unspeakably absurd to live in constant terror of 
^.those unknown bodies which doubtless exist in 
.ipace though, since they are invisible to us, we 
bave no means of ascertaining whether or not 
3iey might prove formidable. Still just as cer- 
Itainly as a well organized orb like our own can- 
tiot easily meet with a violent, premature end, 
■»o surely do we know that it, like everything 
Ise that has had a beginning, must ultimately 
ace dissolution. But here, just as in the world 
f living organisms, death does not signify a final 
pd. The atoms merely surrender one form of 
ffganization, in which they have expended their 
[ving energy, in order to enter into another 
Efferent combination. Every death is at once a 
lebirth and out of dissolution springs new life. 
Even though, in the tierce struggle for the tna- 
erial or ideal goods of the world, the individual 
iften has to succumb so that for him the end 
>f all has come, still he was but an atom in the 
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cosmos and his death contributed to the life of 
the universe. 

Everything that is subserves the All. Disas- 
ter and, in the highest degree, death are things 
necessary and salutary in the evolution of the 
world. In higher knowledge, death is more and 
more stripped of its terrors. 
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